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CONTROL OF STRESSES IN PIPE LINE CONSTRUCTION! 


By Luoyp T. JoNEs? AND WALTER S. WeEEkKs? 


A year ago the University of California published the results of a 
study of stresses in a large welded pipe line. For a complete account 
of the stresses, their measurement and analysis as of that date we refer 
you to that publication.‘ 

We shall review briefly the stresses encountered in the construe- 
tion of a pipe line and shall point out a new method for the elimina- 
tion of the most important one of those stresses. This stress, which 
was primarily responsible for the failure of the Mokelumne Line, we 
did not then know how to eliminate. The method has not yet been 
announced. 

The stresses which are met in construction may be divided into the 
following groups: 1, Line Stress; 2, Differential-Temperature Stress; 
3, Residual Welding Stress. 

1. Line stress. The stress thus designated will be best under- 
stood by referring to figure 1. It is evident that during the forenoon, 
under a rising temperature, several hundred feet of the pipe line will 
creep outward along the ditch due to compressive line stress. The 
stress at the free end is zero. At “B” the stress will be larger than at 
“A,” at “C” still larger, etc. The line stress will be only that which 


1 Presented before the San Francisco Convention, June 15, 1928. 

2 Professor of Physics, University of California, Berkeley, Calif. 

3 Professor of Mining, University of California, Berkeley, Calif, 

4 A Physical Study of the Mokelumne Pipe Line, vol. 2, no. 9, University of 
California, Publications in Engineering, University Press, Berkeley, Cali- 
fornia. 
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is necessary to move the pipe against earth friction. During the late 
afternoon and evening the pipe will contract. During the process of 
retraction there is a tension in the line which I call line tension and 
which is equal to the frictional resistance of the pipe being pulled 
back. When the pipe stops contracting this tension remains in the 
line. As more pipe is added this tension remains and is built per- 
manently into the line. It is present in riveted pipe lines as well as 
welded ones. 

It is not due to any faulty method of construction and it can not 
be entirely eliminated. Its magnitude in a pipe line of large diameter 
may be 8000 pounds per square inch. Laying the line in groups of 20 
sections each and joining the groups will reduce this stress to about 
half as much. 

2. Differential-temperature stress is the stress due to the welding or 
riveting of a pipe line into a straight line at a time when there isa 


A B a D E 
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Line stress at any point is the stress necessary to push or pull the pipe 
extending beyond that point. If the point no longer moves line stress remains 
at the value when motion last occurred. 


difference of temperature of the top and bottom of the pipe. Differ- 
ential-temperature stress in large lines is frequently due to a tempera- 
ture difference as large as 50°F. This temperature difference pro- 
duces a stress of 10,000 pounds per square inch which will exist in the 
top fibers when the pipe cools to uniform temperature. This stress 
can be eliminated by making all girth joints during those hours when 
top and bottom temperatures are equal. The few miles of Moke- 
lumne Line whose girth joints were electric are welded were made free 
of differential-temperature stress by welding at night. They did not 
break. 

3. Residual welding stress. Those of you who may have read the 
results of the investigation of the welding of the Mokelumne Pipe 
Line will remember the emphasis placed on the seriousness of residual 
welding stress and may also remember the dismissal of the subject 
with the statement that in a line properly welded residual welding 
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stress should not exist. Residual welding stress is that stress which 
resides in the completed piece by virtue of the fact that it was joined 
by welding as opposed to any other method. This stress is due to 
the shrinkage that occurs in steel during its solidification and cooling 
to normal temperature. Residual welding stress may be perhaps 
best illustrated by figure 2, which represents two steel sheets being 
welded edge to edge, the distance apart is exaggerated. Instead of 
weld metal small coil springs are indicated as joining the two edges. 
At the start of the weld the metal deposited at ‘‘A”’ will solidify and 
will then act as a fulerum. The metal next deposited at “B,” “C,” 
“T),” ete., on cooling will produce tension to turn the two sheets 
about this fulerum. Unfortunately the problem is complicated by the 
fact that the fulerum continually advances. 


Fig. 2 


The deformation produced in welding is due to expansion of the heated 
metal and the contraction, during solidification and cooling. 


Figure 3 indicates the deformation in one of the welds of a 65-inch 
pipe. The deformation, and consequently the residual welding stress, 
is represented by the width of the shaded area. It was fairly uniform, 
the maximum being about 0.20 inch. A differential deformation of 
half this much, however, represented a stress of approximately 9000 
pounds per square inch. 

Figure 4 indicates the distortion which was produced by re-welding 
the upper half of one joint of a 65-inch pipe which had broken. The 
portion re-welded is indicated by the heavy black line. The deforma- 
tion produced by the re-welding is plotted radially and indicated by 
the shaded area. The upper sheets of these two adjacent sections 
were drawn together a half inch, with the lower portion of the pipe 
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Welding Deformation 
in Acetylene weld 659 
when partially completed. 
Direction of welding shown 
by arrows. Deformation 
accurate to.0.005" 


Fic. 3. DEFoRMATION DUE To GirTH We.p 1N A 65-INcH Pips LINE 


i Width of shaded area represents the amount of axial deformation. If it is 
uniform the residual welding stress is usually slight. 


Deformation due fo Reweld 
of upper half of 604. 


Fig. 4. Lance DeFrorMaTION IN A PARTICULAR REWELD oF A BROKEN GIRTH 
JOINT 


The parent metal of the pipe was permanently stretched 
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unmoved. It is important to remember that this metal was a half 
inch thick and the pipe 65 inches in diameter. This deformation 
indicates a stress far beyond the elastic limit of the metal. We indi- 
cate this merely to show the serious magnitude of stresses that may be 
introduced as residual welding stress. It may be of interest. to you 
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Deformation of weld 359 
under pring -heating 


Fic. 5. RELIEF oF RESIDUAL WELDING StrREssS AFFORDED BY SIMULTANEOUS 
HEATING OF WHOLE GirRTH WELD 


to know that after that reweld was completed, even though this great 
stress was introduced the weld did not again fail. 

There are three ways to produce pipe line girth welds without 
residual welding stress. 

1. Figure 5 shows the relief of stress that was effected on one par- 
ticular joint of the 65-inch pipe line by the simultaneous heating of 


- 
100 
aso? £050": é 
ere 
.000 

ar 
| 
“te IS \ 4 : 
| 

5 
14 
\3 
é 

= 
‘ 
8 EES | 
Ps 10 
: 
. 


454 LLOYD T. JONES AND WALTER 8S. WEEKS 


the whole weld. Ten acetylene torches were used to bring the whole 
weld to a uniform red heat. You will notice that in some places the 
weld metal elongated and in some places contracted, indicating that 
forces of tension and compression respectively had existed. While 


Fia. 6. 


Fic. 7. COMPARATIVE DEFORMATIONS IN Butt WELDS AND FLANGE WELDS IN 
16-IncuH By }-INcH PIPE 


this method has the additional advantage of controlling the crystal 
structure of the weld metal, nevertheless we do not believe that it is 
economically feasible. While it is a possible method, it must never- 
theless be disregarded. 

2. A second method, however, is suggested by the discarded one. 
If it were humanly possible to produce the whole weld simultaneously 
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or to have the whole weld hot at the same time, it would be possible to 
produce a weld without serious residual welding stress. Although this 
has been accomplished on small diameter pipe it is not yet suitable for 
construction of large lines. 

3. The third method for eliminating residual welding stress was 
brought to my attention by Mr. H. E. Kennedy. It is a method 
that is new, but we say immediately that we have the utmost confi- 
dence init. We have measured welds which have been produced in this 
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Fig. 8. WATER PRESSURE-ELONGATION TESTS ON 16-INcH Pire TO DETERMINE 
THE W1DTH OF FLANGE NECESSARY TO WITHSTAND THE STRESS THE 
LINE Is TO UNDERGO 


manner and we have found them to be with virtually zero residual 
welding stress. 

Figure 6 shows adjacent ends of two pipe sections ready to be 
welded. Each is provided with a narrow flange rolled at right angles 
to the axis of the pipe. These flanges are placed with their faces in 
contact and then are welded along their peripheries. The design of 
the flange is dependent upon the conditions of stress the completed line 
is to be called upon to withstand. It is happily true that in this weld 
the residual welding stress is nearly zero. Several types of flange 
weld have been tested. 
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Before a detailed comparison is presented of the flange weld and its 
predecessor the butt weld, comparative values of the residual welding 
stress of the two types of weld on 16-inch by }-inch pipe are shown in 
figure 7. The tests on 16-inch pipe were made with the codperation 
of Mr. R.S. Fuller and Mr. R. V. Wilson of the Pacific Gas and Elec- 
trie Company. You will note that the deformation of the metal of the 
pipe proper is greater for the butt weld than for the flange weld. May 
I add the statement that these welds were both made by Mr. Hopkins 
the same day and under as nearly identical conditions as possible. 


Fic. 9. Types or FLANGE WELD 


No. 6 is particularly suited for electric-arc welding 


These values of deformations are not to be taken too literally. If 
sufficient time were taken to present the matter clearly it could be 
proven that in these two particular welds the stress in the pipe due to 
the flange weld does not at any point exceed 3480 pounds per square 
inch and that in one portion of the butt weld the stress is equal to the 
elastic limit of the parent metal. There seem to be two portions of 
this butt weld that are under compression, the two alternate portions 
being in tension. 

The reasons why pipe line welds break and why they break only 
part way around and virtually never for the entire circumference are 
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indeed becoming quite clear. A detailed discussion must be post- 
poned however till more time is available. In justice to butt welds 
it should be stated that this particular one is a beautiful weld and that 
it will never in the world fail, although the metal is severely stressed, 
because the weld is stronger than the parent metal. 

Now let us make a more detailed comparison of the two types of 
welds. 

1. In the butt weld the residual welding stress is in the plane of the 
pipe sheet. 

In the flange weld it is at the periphery of the flange and can be trans- 
mitted to the pipe sheet only by the flange. 

2. The flange is designed to yield by bending long before a serious 
pie stress in the pipe is reached. 

In tests on 16-inch by }-inch pipe the elongation was shown to be 
0.30 inch per joint before the flange weld showed signs of distress. 
No buried pipe line will ever be called upon to provide so much motion 
in relief of stress. The stress equivalent of this 0.30 inch is 40,000 
pounds per square inch. 

3. The flange weld is not an expansion joint, but rather is an ex- 
pansible joint which can permanently elongate to relieve excess stress. 
The butt weld cannot elongate to relieve stress. 

4. The flange weld lends itself admirably to group laying. The 
joining of groups is less difficult than with the butt weld. It is equally 
easy to remove a section and replace it as occasion may demand. 

5. The fiange weld not only affords relief from residual welding 
stress, but also it functions to relieve line stress, Poisson stress, cold- 
water stress and even differential temperature stress. The butt weld 
cannot relieve these four stresses. 

6. With the flange weld there is no accidental formation of stalac- 
tites to impede flow. 

7. The relative costs of the two types of weld may be judged from 
the fact that for the two welds in 16-inch by }-inch pipe the flange weld 
(not including the cost of forming the flange, since it was done by 
hand) was less than 70 per cent of the cost of the butt weld. Includ- 
ing the turning of the flange by hand it was only equal to the cost of 
the butt weld. 

In this weld we have the utmost confidence and we might be ac- 
cused of not telling the whole truth if we did not state that we con- 
sider it to be the most notable contribution to pipe line construction 
since the advent of welding. 


DISCUSSION 


DISCUSSION 


Wan. W. Brusu:> We should certainly take advantage of the op- 
portunities we have of obtaining further enlightenment on any point 
that may be doubtful in the minds of anybody here, because, speaking 
for myself, it has been a most interesting presentation of a subject 
that has engaged the attention of our engineering force for several 
years past. 

It apparently never occurred to our designing engineers or to our 
construction group, to use a flange joint for the steel lines. That 
would enable us to utilize safely and effectively a joint that would 
give virtually 100 per cent efficiency, as against our riveted joint 
of approximately 55 or 56 per cent efficiency with a single line of 
rivets. 

In the work that is carried on in the city streets, the circumferen- 
tial joint is subject to stresses on account of the unstable foundation 
developed by excavation in the vicinity of the pipe line. It has for 
some time been my personal conviction that we should have a joint 
that would give us approximately the full strength of our sheet metal, 
instead of one that gives us about half that strength. My observa- 
tion has been that the failure has come entirely in the circumferential 
joint. Those are the only failures that we have ever had in steel 
pipe lines, and we have had only two in the entire New York City 
system. 


J. E. Grsson :* I should like to ask Mr. Jones the width of the flange, 
and also if it is turned at right angles, or is at less than right angles to 
the axis of the pipe? 


Luoyp T. Jones: The design of the flange should be determined 
for each line. It will vary only slightly, perhaps, between different 
lines. The flange must be narrow enough so that it will not respond 
to every temperature, taking it beyond the elastic limit; yet it must 
respond to large temperature changes. 

A large number of flanges have been tried. The flange in figure 
9 goes all around the pipe; you are aia at the flange from the 
side of the pipe. 


5 President, The American Water Works Association; Chief Engineer, 
Department of Water Supply, Gas and Electricity, New York, N. Y. 
5 Manager and Engineer, Water Department, Charleston, S. C. 
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There are six types, and in each case the pipe is horizontal and this 
flange is vertical and passes around the pipe. Of these types of flange, 
all but one perhaps are suitable for acetylene welding. No. 2 is not 
so good. (Referring to flange numbers on figure 9.) No. 6 is par- 
ticularly suitable for electric welding. In flange No. 1 you have two 
flanges, one on the pipe at your right, one at the left, both at right 
angles. We wish the flanges to be in contact at points other than 
their periphery, and then the peripheries welded. The flanges being 
welded prevent any deformation. 

In type 4 the two flanges are not quite in contact for ease in 
welding; you can weld faster. But your flame gases in any one of 
the cases are shooting along the metal. So the inherent difference in 
the method of heating is the thing that makes the flange weld a very 
much more rapid weld to make. 

No. 5 is a different modification. No. 6 is the one in which I think 
the greatest confidence will lie for joints under expensive streets, 
across a vacant lot, or under apartments. In this one, the flange 
is rolled out and then paralleled to the pipe, just like the bell and 
spigot joint. The other flange is inserted, and to tack weid it the 
welder warms the metal and presses it down a bit. Then, too, in 
completing the weld he merely drives the weld down. So you have 
parent metal that is taking the stress. 

In No. 6 I have not yet been able to measure the elongation, be- 
cause we ran to the limit of the measuring device and had to reset and 
goagain. But that, I think, is far preferable to any of the other types 
of flanges for the particular case where you must not have a failure. 
That is, where you know you are going to have great elongation and 
must not have failure. But no pipe line will be called upon under 
normal conditions to stand an elongation greater than a tenth of an 
inch per joint. 

Does that answer your question? 


J. E. Grpson:* Mostly, except what is the relative diameter of the 
pipe to the depth of the flange? 


Luioyp T. Jones:? The depth of the flange is approximately inde- 
pendent of the diameter. The width of the flange, in most cases, 
would not be more than 2 inches. I am speaking now of 50 or 60- 
inch pipe. A flange width of four or five times the thickness of 
the metal is usually suitable. 
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J. E. Grsson:* That is what I wanted to bring out. 


E. L. Matuy:’ May I ask your permission to say a few words, not 
as a member of this Association. But as a member of the welding 
industry, I would like to take this opportunity to say to you that 
Professor Jones has contributed something of tremendous value to 
the industry, to your industry and to the one of which I am a part. 

In welding, whether electrically or gas, I believe that we have ar- 
rived at a point where we know how to make a weld. But I believe 
that we have stressed continuously a good weld to the point where it 
needs no further emphasis, because good welding and good welds can 
be executed. 

However, I do not believe that we have laid any stress on the par- 
ticular things that Professor Jones has called to your attention. 
Those are the things that are going to alleviate the difficulties we 
have experienced. 


Wm. W. Brusu:* Professor Jones, are there any possible patent 
complications in the use of the flange? 


Luoyp T. Jones: I believe there are no complications whatever. 
While I believe it is patentable, I am sure there would be no difficul- 
ties about it. 


Ws. W. Brus: As far as you know, there has been no attempt 
to have it patented? 


Luoyp T. Jones? I am certain that Mr. Kennedy, who introduced 
the idea to me, did finally secure a patent. But I am sure—I know 
I speak for him—that his greatest desire would be to have it useful. 
Mr. Kennedy and I are in a position to assist anyone who may 
wish to use it. 


C. A. McCuarn (Eugene, Ore.): There was developed the year be- 
fore last, in connection with a 30-inch tee line, a joint somewhat simi- 
lar to the one just shown, except that instead of a welded joint it was 
made with a band similar to a coupling. The man who had a great 
deal of welding experience in a local shop was used by our department 


7 Vietor Oxy-Acetylene Equipment Co., San Francisco, Calif. 
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in inspection welding on this job. Because of the difficulty in getting 
the trench absolutely dry for the purpose of getting a good weld, he 
was conscientious enough to develop a joint similar to this, except 
that a band was placed around the edge of the band. The band was 
simply a piece of rolled rod, with a groove machined in it which 
clamped the ends of the flange together. I understand he has ap- 
plied for a patent on that device and it is being used on a small line, 
which I believe is its first introduction. 

His flange is not rolled at right angles. It is a great deal like the 
combination of the two figures at the left of figure 9. The flange is 
rolled at just a little less than 90 degrees to the axis of the pipe. If it 
started to beam that would provide for some expansion or contrac- 
tion in every joint, as the case might be. 

It appears to have some advantages over any type of welding joint 
in that it does not necessitate getting a trench absolutely dry, it may 
be applied by much less expensive labor than is required for the weld- 
ing, and it also eliminates the expense of getting welding equipment 
over the ground. 


Luoyp T. Jonrs:? May I again point out that this is not in any 
way an expansion joint. It does not attempt to provide expansion. 
There is nothing new about welding flanges in a flat sheet. There is 
even a flange weld for use on exhaust pipes where the flanges are welded 
for tightness and there is another flange bolted on for strength. The 
contribution that Mr. Kennedy introduced was merely the applica- 
tion of this particular flange to overcome the difficulty of residual 
welding stress in pipe lines. I do not consider the fact that it can be 
elongated of supreme importance in most pipe lines, because in most 
cases they will not be called on to elongate, but, nevertheless, the pos- 
sibility to elongate is there. 


Wa. W. Brusx:> Those of us who have used welded joints in a 
steel line have all felt some concern as to the stress which is left or 
set up in the metal, either in the weld or in the metal adjacent to the 
weld, as the result of the cooling of the deposited metal. I know we 
in New York have given a good deal of attention to it, and we believe 
that we have succeeded in getting joints reasonably free,—I am now 
speaking of the longitudinal joint—reasonably free of stress as the 
result of the methods of making up the joints, that have been fol- 
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lowed in the shop. This has been virtually laying up the metal in 
several layers. 

We require coupons to be cut from the finished products and then 
bent in both directions to show the ductility of the weld. We believe 
that with the ductile weld and with the material deposited in layers 
we will not have any serious residual stress. 

But the art is being constantly improved. We are all very grateful 
to members who are making investigations, such as Professor Jones 
and his associate, in pointing out how we can make certain that these 
stresses, of which we were afraid, will be eliminated, both in the 
longitudinal and the circumferential joints. 
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WATER SUPPLY OF LOS ANGELES! 
By WILLIAM MULHOLLAND? 


The selection of the site of the City of Los Angeles was.dictated, - 
as in the case of most cities, by the existence of an ample water supply 
to meet the needs of the people who sought to establish themselves 
there. 

The early civilized discoverers of the country were the Spaniards 
and they found on their arrival here an aboriginal colony had been 
established there for manifestly a long period of time. The water 
supply was put to use by the semi-savage people who populated this 
section, who were a pastoral people, by the use of irrigating ditches 
and the production of crops over the broad area of flat land now 
occupied by the City of Los Angeles. These irrigating ditches were 
quite extensively developed before the arrival of the American 
population, the influx of which began about 1830 and was quickly 
followed by the advent here in rapidly increasing numbers from 
American and European sections, attracted largely, as were the 
original settlers, by the fertility of the soil and the abundance and 
reliability of the water supply. It seems an extravagance now to 
refer to this supply as being abundant, but considering the population 
in those early days, the Los Angeles River afforded one of the most 
attractive and abundant water supplies enjoyed by any community 
in Southern California and was found ample for the community up to 
the beginning of the present century when it was outgrown by the 
rapid development of the city and her consequent demands for water. 

It must be remembered that the last four or five years of the past 
century produced a long and very severe drouth that extended into 
the years 1902 and 1903 and had the effect of lowering the usual yield 
of the Los Angeles River. This stream, which has its source largely 
in the Sierra Madre Mountains, had a reliable perennial summer 
flow of 75 to 80 second feet (approximately 51,680,000 gallons) but 


1 Presented before the San Francisco Convention, June 13, 1928. 
2 Chief Engineer and General Manager, Bureau of Water Works and Supply, 
Los Angeles, California. 
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the six or seven successive dry years, 1896 to 1903, reduced the flow 
of the latter year to 43 second feet which had the effect of so arousing 
the people of the city that it was manifest to them that water had to 
be sought and introduced from some other source to provide for the 
rapid growth of the city. 

The conjunction of many circumstances combined to bring this 
remarkable acceleration of growth. First, there is the attractiveness 
of the climate of the region. Second, there are facilities afforded by 
the building here of three transcontinental trunk lines. Coincident 
with al! this came the discovery of oil in this region and then the 
extraordinary rich results of the products of the soil in the way of 
semi-tropic fruits and other products. With all these sterling ad- 
vantages accruing to the prosperity of the city, it has to be admitted 
that aside from the one factor of oil the other elements depended more 
or less on the influence of the existing water supply which after all 
in a semi-arid country like this is a controlling influence of prosperity. 

The growth of Los Angeles can best be gaged by giving the follow- 
ing list of census reports beginning with 1880 up to the present time: 


YEAR POPULATION 
1880 11,183 
1890 51,000 
1900 101,000 
1910 319,000 
1920 634,000 
1928 (Estimated) 1,300,000 


In the years 1903 and 1904 as before stated, we had about reached 
the limit of the ability of the River in its then shrunken condition to 
supply the city with water. Fortunately there came a period of wet 
years immediately following, so with the existence of the ground 
waters developed in the neighborhood of the city it was able to carry 
on until 1913. 

In 1904 Los Angeles vigorously set to work to secure an addi- 
tional supply from the Owens Valley, from the east slope of the Sierra 
Nevada Mountains. This project, known as the Owens Valley 
Development, was the boldest attempt ever made to secure a water 
supply by any municipality. The distance required for the aqueduct 
was about 250 miles over three ranges of mountains and across 
deserts and other forbidding areas. The work was completed in 1913 
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and the water arrived here in the nick of time to save the city from 
grave disaster. This supply is an average equivalent of 350 second 
feet or 226,100,000 gallons of water per day, but its acquisition does 
not mean the end. 

The city’s growth by reason of the aqueduct and the stimulation of 
all industries due thereto, continues at an increasing rate and yet the 
water troubles are not over. 

Los Angeles now has a population of 1,300,000 and is growing 
at the rate of approximately 80,000 per annum so it is quite apparent 
that it must immediately go about securing an additional water 
supply. The water supply can have but one source and that is the 
Colorado River. Once again the distance to be accomplished is over 
250 miles across forbidding desert and over an elevation requiring 
1600 feet lift. This will put the City of Los Angeles far and away 
in the lead of any city in the world from the point of difficulty and 
expense to secure an adequate water supply for her inhabitants. 

In addition to this, the topography of the city is such that the 
water has to be supplied at many different elevations, ranging from 
sea-level to nearly 2000 feet above the sea, involving the expense of 
zoning at widely dispersed elevations of territory, which, of course, 
involves great mileage and intricate and expensive design of pipe 
system, together in some cases with costly pumping operations. 
We have emerged, therefore, from the original simple conditions 
when the city was supplied from the Los Angeles River wholly by 
gravity, to the present complex system requiring service over a 
territory with great differences of level. 

The average supply derived from the Los Angeles River, as has 
been stated is 75 second feet and all of this was delivered by gravity 
to the people it served, so that the city was in a very envious 
position as to its domestic water supply. This water was collected 
in the watershed of the Los Angeles River having an area of 502 
square miles. It supplies its own storage facilities in the deep gravel 
pits of the San Fernando Valley lying adjacent and immediately 
northwest of the city. In other words the yield which was 
48,000,000 gallons per day or 95,618 gallons per square mile was 
served from the watershed, and this entailed no costly expense of 
reservoirs and was preserved in all its purity in the deep gravel 
pits above referred to, to yield by gravity as a constant stream into 
the Los Angeles River uncontaminated. It was due to these re- 
markably favorable conditions that the City of Los Angeles got its 


a 
4 


466 WILLIAM MULHOLLAND 


start towards her ultimate prosperous future. It remains for the 
future inhabitants to compensate in, the end for this kindly act of 
nature. 

It must be borne in mind that the City of Los Angeles is geo- 


graphically located in a veryarid area. Except for the southwesterly . 


boundary, which is the Pacific Ocean, it is for 40 or 50 miles from 
any direction, entirely surrounded by desert and for over 200 miles 
there is no available water supply within reach, except such as exists 
in the neighboring coastal plane. The closely adjacent communities 
are in the same fix as Los Angeles and must face the necessity of 
first developing to the utmost waters available at their doors and 
then following by excursions to great distances such as confronts 
the City of Los Angeles. 

Already there have been complete surveys made looking to the 
Colorado River supply. Close research work has demonstrated that 
it is economically possible for the city to obtain this water at a 
reasonable cost. It remains only to have the Boulder Dam Bill 
approved by the Congress of the United States to start the city’s work 
on this unexampled enterprise in the history of municipal organiza- 
tions, but our people are fully keyed up to the enterprise and will, I 
am sure, as in the past, courageously support any project that has for 
its object the future permanent prosperity of the city. 
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CHLORINATED COPPERAS—A NEW COAGULANT 


By L. L. Hepcepetu! anp N. C. anp C. OLSEN? 


The following article describes a novel experiment with chlorine and 
a new development in water purification at Elizabeth City, North 
Carolina. 

The raw water is taken from Knobb’s Creek, a highly colored slug- 
gish stream draining swampy territory in and adjacent to the Great 
Dismal Swamp. The color is present as negatively charged colloidal 
particles as determined by dialysis and cataphoresis and the intensity 
varies from 550 p.p.m. maximum to 150 p.p.m. minimum, and is 350 
p.p.m. on the average. Production of an effluent of low color there- 
fore presents a rather unusual problem in purification. 

The local public suspicion of such highly colored water imposes upon 
the city officials the necessity of reducing this color to 10 p.p.m. 
and preferably to 7 p.p.m., before it is delivered to the consumers. A 
modern rapid sand filtration plant having failed to remove the color 
satisfactorily when the usual coagulation procedure was practiced, 
a series of experiments was undertaken by the writer as follows: 

a. The bleaching effect of prechlorination. The results indicate 
that prechlorination applied five minutes prior to coagulation has no 
effect on color reduction unless applied in large doses—i.e., 10 p.p.m. 
or more. 

b. The effect of prechlorination on coagulation. Chlorine applied 
prior to coagulation had no perceptible effect on coagulation. Doses 
from 0.1 to 10 p.p.m. were tried. 

c. Cumulative and “split” application of several of the coagulants 
- available for water purification. 

1. A coagulating dose of alum and alkali followed by an alkaline 
aluminium compound, such as liquid or dry sodium aluminate, or 
premixed or simultaneously added alum and excess alkali. This 
was successful and has been fully described in a paper presented 
before the Southeastern Water and Light Association at Atlanta, 
Georgia, on April 18, 1928. 


1 Chemist in Charge, Filtration Plant, Elizabeth City, N.C. 
2 Consulting Engineers, Raleigh, N. C. 
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“2. A coagulating dose of alum and alkali followed by enough alkali 

- to raise the pH of the flocced water to the isoelectric point of aluminum 

hydroxide. The first floc formed at low pH values was peptized by 

the second alkali and the experiment was declared a failure as a color 
removal procedure. 

3. A coagulating dose of copperas (ferrous sulphate) followed by an 
alkaline aluminum solution. The ferrous salt produced no coagula- 
tion and was useless as a coagulant in our water. 

4. A coagulating dose of copperas oxidized to its ferric state by 
chlorine, i.e., “chlorinated copperas,”’ followed by an alkaline alumi- 
num solution. This experiment was even more successful than the 
alum-aluminate experiment. The remainder of this discussion is 
devoted for this reason to the details of the results produced by chlori- 
nated copperas. 

Herein “split” treatment signifies that two distinct dosages of coagu- 
lant are applied in the same mixing chamber and produce two sepa- 
rate and distinct precipitations. The procedure was as follows. 


PRIMARY DOSE 


Sufficient coagulant to give good coagulation of the coloring matter 
is quickly followed by sufficient alkali to maintain the pH value of 
the water at or near the isoelectric point of the compound being pre- 
cipitated, which for our raw water seems to lie between pH 4.2 and 
4.7. Sufficient contact is allowed in the mixing chamber for the 
formation of well defined floc particles, at a point less than half way 
ithrough the mixing chamber. 


SECONDARY DOSE 


An alkaline coagulant which may be in the form of a commercial 
aluminate, premixed alum and alkali solutions in correct proportions 
‘to form an aluminate solution, alum and alkali added simultaneously 
or chlorinated copperas and alkali added simultaneously. Any of 
these combinations when added to the water at a point half way 
through the mixing chamber will cause a second precipitation to take 
place in the water carrying the primary floc and the effluent will be 
greatly improved in respect to color reduction and the elimination of 
residual coagulant in the effluent. Without the secondary applica- 
tion residual color will be present in objectionable concentrations in 
the plant effluent if the water coagulated at the low pH values of the 


in 


pl 
la 
re 
fa 
io 
a tk 
ec 
in 
pl 
Ww 
ti 
in 
A 
ac 
di 
er 
( 
ag 
io 
co 
of 

th 
4 
ue 
th 
re 
ay 


CHLORINATED COPPERAS—A NEW COAGULANT 469 


primary coagulation is filtered without application of a second coagu- 
lating dose such as described. This second coagulating dose effects 
removal of the more resistant coloring matter and insures the satis- 
factory precipitation of the metal of the coagulant. The zone of H- 
ion concentration in which this takes place most effectively is within 
the range pH 5.5 to 6.8. 

Our plant is equipped with one Savage and three Wallace and Tier- 
nan dry feed machines. During the experiment with the chlorinated 
copperas the copperas was fed from one of these machines, dissolved 
in a solution box with minimum amount of water necessary to com- 
plete solution and then merged in a single solution line with chlorine 
water supplied from a Wallace and Tiernan vacuum type chlorinator. 
The proportions were 1 pound of chlorine for every 8 pounds of cop- 
peras and complete oxidation of the copperas was accomplished effec- 
tively and almost spontaneously by this arrangement. The result- 
ing solution was led into the inlet end of the baffled mixing chamber. 
As a control measure to insure effective oxidation of the copperas quali- 
tative tests for the presence of ferrous iron were frequently made by 
adding potassium ferricyanide solution to samples collected at the 
discharge end of the solution line. Lime was also added at the inlet 
end of the mixing chamber to adjust the water to the isoelectric point 
(pH 4.2 to 4.7) of the iron coloring matter compounds formed. Co- 
agulation was complete in the mixing chamber within five minutes or 
less, and at this stage a dose of commercial dry sodium aluminate, or 
“Alco Floc” was added to the flocced water to lower the hydrogen 
ion concentration and thus secure efficient precipitation of aluminum 
compounds. Most effective precipitations were secured in the zone 
of pH values 5.5 to 6.8. The formation of floc with ferric salts ap- 
pears to be more rapid than with alum. 

Correct doses were determined by a series of three jar tests, the 
first to determine the lowest permissible chlorinated copperas dose, 
the second to determine the optimum amount of lime to improve the 
iron colored floc, and the third to determine the amount of alkaline 
coagulant necessary to secure a filtrate containing the minimum resid- 
ual color and soluble coagulant. Floc appearance, color, and residual 
iron were determined in the filtrate through absorbent cotton from 
the most promising of the final set. This was done in order to secure 
refined differentiation between one or more combinations which had 
apparently produced equal results as far as floc appearance would 


indicate. 
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During the period covered by the plant scale experiment with chlo- 
rinated copperas we were handling a water well above normal in color 


content. 


The raw color was 550 p.p.m. and we were using 4.75 grains 


of alum per gallon, 12 p.p.m. lime, and 15 grains per gallon of sodium 


TABLE 1 
Plant cost data 


CHLORINATED | | ALUM 
ALUM RUN RUN 
Gallons water treated............. ..- 2,000,000 | 735,000 | 1,000,000 
Pounds copperas used................ 930 342 None 
Cost @ $1.02 per ewt................ $9.49 $3.49 
Cost @ $1.36 per cwt................ $6.80 0.00 $9.25 
Pounds chlorine used................ 114 43 3 
Cost @ 7.5¢ per $8.55 $3.22 $0 .23 
Pounds sodium aluminate used....... None 84 214 
Cost @ $3.51 per ewt................ $2.96 $7.54 
Pounds likné 383 79 100 
Cost @ $0.72 per ewt................ $2.76 $0.57 $0.72 
17,500 6,743 8,150 
Cost @ 3.2¢ per 1000 gals............. $0.56 $0.21 $0.28 
Cost per million gallons............ $14.08 $18 .02t 


* Chlorine cost for less than car shipments. This item much smaller for 


larger consumption. 


} This treatment was used during heavy color of raw water. 


Average plant 


cost of lime, alum, sodium aluminate method slightly less than $11.00 per 
million gallons. The chlorinated copperas treatment was used during the 
same period and the costs, although above average, compare for same quality 
of raw water. 


aluminate. The color of the filter effluent with this dose was 7 p.p.m 
We selected from our jar tests as described above 4 grains per gallon 
of chlorinated copperas, 3 p.p.m. lime, and 0.75 grain of dry sodium 
aluminate as the lowest dose which would produce a filtrate containing 
7 p.p.m. or less color. 
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After changing the plant from the lime-alum-aluminate treatment 
to the chlorinated copperas-lime-aluminate treatment we soon had 
superior coagulation and, after a twenty-four hour run, substituted 
1.75 grains of alum, and 20 p.p.m. lime as the secondary dose to re- 
place 0.75 grain of dry sodium aluminate. Equally satisfactory 
results were obtained from the alum-lime secondary dose as were 
produced by sodium aluminate. During the same day the chlori- 
nated copperas dose was reduced from 4.0 to 3.5 grains per gallon with 
no less satisfactory results. Later we dropped the chlorinated cop- 
peras dose to 3.25 grains per gallon with satisfactory results. It is 
probable that a lower dose of chlorinated copperas would have proved 
satisfactory, but exhaustion of the copperas supply caused the run to 
be discontinued before this change could be made. The experiment 
lasted seventy-five continuous hours. Three filters were operated 
at 300,000 gallons per day rate each. Starting with 1 foot loss of 
head, at the end of the seventy-five hours operation 5.5 feet loss of 
head were recorded and no filters were washed. 

A marked improvement in the taste of the plant effluent was noticed 
and was the subject of numerous inquiries from consumers who were 
not aware that a change in treatment was being tried. We noticed 
during this experiment and during our prechlorination experiments a 
lessening of the tendency of the sludge to putrefy and rise to the sur- 
face of the coagulation basins. This improvement in basin condition 
probably had some bearing on the improvement in the taste of the 
filtered water. 

The figures in table 1 show comparative coagulant costs during 
and prior to the run with chlorinated copperas. 


SUMMARY AND CONCLUSIONS 


1. Copperas (ferrous sulphate) and lime are not satisfactory coagu- 
lants at Elizabeth City, N. C., unless the copperas is oxidized to its 
ferric state. 

2. Prechlorination with reasonable doses does not improve coagula- 
tion of the highly colored water at Elizabeth City, N. C., when ap- 
plied in the mixing chamber. 

3. Prechlorination reduces the tendency of the sludge in the coagula- 
tion basins to ferment. 

4. Single coagulation with any of the coagulants employed is not 
satisfactory because of the color and residual coagulant left in the 
filter effluent. 
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5. To produce an acceptable filter effluent “‘split’’ application of 
coagulants is essential. The primary coagulation must take place 
between pH 4.2 and 4.7, and the secondary coagulation between pH 
5.5 and 6.5. 

6. Copperas, completely oxidized with chlorine in the ratio of one 
part of chlorine to 7.8 parts copperas, produces a coagulant superior to 
alum in color removal qualities and is more economical because of its 
higher efficiency. 

7. A combination of chlorinated copperas, alum and lime or sodium 
aluminate produces an attractive and economical filtered water as 
evidenced by comments of consumers and cost data. 

8. Conversion of ferrous sulphate (copperas) to the ferric state is 
readily accomplished by introducing chlorine water from a chlorina- 
tor into the discharge line from the copperas feeding machine or solu- 
tion tank. The reaction between the copperas and the chlorine is 
practically instantaneous, requiring less than 20 feet of travel for 
completion. 

Acknowledgment is made to: 


C. Arthur Brown of the American Steel and Wire Company for sufficient 
copperas, without charge, to run the plant experiments. 

L. H. Enslow, Research Engineer, The Chlorine Institute, Inc., for per- 
sonal supervision and assistance during the experiments. 

The Wallace & Tiernan Company and H. A. Davis of their staff for their 
courtesy and coéperation and the loan of chlorine control apparatus. 

W. W. Watkins, Sanitary Engineer, Norfolk Water Works, for assistance 
and advice. 
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CHLORO-PHENOL TASTES FROM CREOSOTED WOOD 
STAVE PIPE! 


By Dana E. KEpNER? 


Conditions particularly favorable to the use of continuous wood 
stave pipe prevail in Colorado, as in many other of the western states. 
In consequence thereof mile after mile of such pipe has been laid to 
carry mountain water to cities for domestic supplies from more or 
less distant sources. 

Until a few years ago practically all of the wood stave pipe laid 
was made of untreated lumber, the use of which was found to have no 
effect on the physical quality of the water regardless of any purifica- 
tion process employed. Of late, however, the use of creosote as a 
wood preservative has been adopted by some of the wood pipe 


. manufacturers, and several installations of creosoted wood stave pipe 


have been made. The use of the pipe has been found to produce 
tastes in the water for a time, particularly offensive and particularly 
lasting in certain cases where chlorination of the water is practiced. 


LOVELAND 


Experience at Loveland, Colorado, with the use of creosoted wood 
stave pipe to carry filtered and chlorinated mountain water 8 miles 
from the purification plant to the city, was described by Osborn in a 
paper read before the Rocky Mountain Section in 1927 and published 
in THE JouRNAL.* There it was found that, whereas the treated 
water at the plant had no offensive taste, nor developed such upon 
standing, the water flowing through the creosoted wood supply main 
developed a typical chloro-phenol taste. 

The taste was quite intense when the pipe was first placed in ser- 
vice in the summer of 1924, even though it had previously been 


1 Presented before the Water Purification Division, San Francisco Conven- 


tion, June 14, 1928. 
2 Director, Division of Sanitary Engineering, Colorado State Board of 


Health, Denver, Colorado. 
3 Journal, 17: 5, May, 1927, pp. 586-590. 
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flushed out continuously for about six weeks, and it had almost the 
same intensity in samples taken from various points along the line. 
After a few months it became practically unnoticeable in the water 
drawn from the main about a mile below the plant, but was present 
at points further along, the intensity increasing with the distance from 
the plant and being at a maximum in the city. It persisted in the 
city water for three years, until the winter of 1927 when the point of 
application of the chlorine was changed from the filter effluent to 
the settling basin inlet. 

During the spring and summer months of 1925, 1926 and 1927, 
when the raw water contained more suspended matter and the filtered 
water, judging from its chlorine demand, contained more organic 
matter, the taste in the city water was much less intense than during 
the other months of these years, being almost unnoticeable during the 
summer of 1927. 

Upon returning the chlorinator to the filter effluent this past spring, 
necessitated by the fact that the amount of chlorine required for pre- 
chlorination became greater than the capacity of the machine, the 
taste did not reappear. The chlorine dose used when treating the 
raw water was sufficient to produce a residual of 0.10 p.p.m. after 
about four hours contact in the sedimentation basin, but none after 
filtration. When chlorinating the water after filtration the dose used 
was such as to produce a residual of 0.10 p.p.m. after ten minutes 
contact. An experiment with increased chlorine dosages after filtra- 
tion during the winter of 1926 resulted in even more intense taste. 

It is interesting to note in connection with this Loveland case, that 
a few months before the new creosoted wood supply main was put in 
service, an offensive chloro-phenol taste occurred in the treated water 
at the city at the time that a 2-mile creosoted wood stave pipe line, 
36 inches in diameter, was put in service supplying water to the new 
Loveland hydro-electric plant located on the river about 10 miles 
above the water works intake. This taste lasted several weeks. 


CANON CITY 


At Canon City, Colorado, a 30-inch continuous wood stave pipe 
installed some twenty years ago carries Arkansas River water, from 
an intake just above the famous “Royal Gorge,” about 10 miles to 
a purification plant located on a hill above the city. The purification 
consists of coagulation and long time sedimentation, followed by 
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slow sand filtration, chlorination, and detention in duplicate clear 
water basins. 

This pipe line carries not only the water for the domestic supply 
at Canon City, but also, in the summer season, water for farm irriga- 
tion amounting to two or three times that of the city supply. It is 
laid for the most part above ground, in many places suspended by 
steel brackets from the sheer rock wall of the Gorge. In the winter 
the water in the pores of some of the wood staves freezes, expanding 
and separating the wood fibres. Repeated freezing and thawing 
has made the wood quite soft and sponge-like, necessitating com- 
paratively early replacement of staves. 

On the assumption that staves penetrated with creosote would not 
absorb sufficient water to result in damage by freezing, the city water 
department determined in 1926 to make future replacements with 
such material. In the early spring of 1927 about 1000 feet of this 
pipe were replaced with creosoted staves, and coincident with this 
there began a siege of chloro-phenol taste in the city water. In this 
case, increasing the chlorine dosage from the normal of about 3 to 6 
pounds per million gallons apparently reduced the intensity of the 
taste. 

About three months after the taste siege began, the additional 
water for farm irrigation was turned into the pipe line, and taken out 
at the purification plant inlet, upon which the taste left the city 
water completely. The quality of the water flowing through the 
pipe also changed about the same time, becoming more turbid and 
carrying more organic matter. 

In the fall of 1927, when the irrigation water was shut off, and when 
the quality of the water returned to its winter status, the taste did 
not recur,—nor did it recur during the following winter and spring of 
this year upon the installation of a few hundred feet more of the 
creosoted staves. 

The majority of the complaints from the consumers during the 
taste siege at Canon City referred to the effect on tea and coffee made 
with the offending water. A large tea and coffee store suffered con- 
siderably, needless to say. 


PUEBLO 
At Pueblo, Colorado, there are two similar but entirely separate 


municipally owned water systems, one serving the northern half and 
the other the southern half of the city. Both obtain water from the 
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Arkansas River through nearby intakes at the upper city limits and 
both employ coagulation, sedimentation and chlorination, the north 
side plant providing an average of about ten days detention, of which 
one-half day is following chlorination, whereas the detention at the 
south side plant averages about three days, none of which follows 
chlorination. 

The Arkansas River receives at times small amounts of phenols 
from several sources, including a selective flotation mill at Leadville 
using cresylic acid; a creosoting plant at Salida, where creosote from 
the piles of treated lumber drips onto the ground and no doubt reaches 
the river nearby, through the ground water flow rather than surface 
run-off because of the great porosity of the gravel river bank on 
which the plant is located; a small gas plant at Canon City; and an 
oil refinery at Florence., These phenols in the river water have on 
numerous occasions been the cause of offensive chloro-phenol tastes 
in the chlorinated water at Pueblo, appearing on the south side first, 
due to the shorter detention of the water at the south side plant, but, 
for the same reason, lingering longer in the north side water. 

About three years ago the south side water works installed a 
creosoted wood stave pipe line, part 30 and part 24 inches in diameter, 
extending from the pumping plant some 3 miles to a standpipe and 
being connected at several places with the distributing system. 
Before the main was actually placed in service water was pumped 
through it to an artificial lake for recreational use for a period of 
about six months. 

In spite of the complexity of the problem introduced by the inter- 
mittent phenol pollution of the river water, the effect of the south 
side’s creosoted wood force main has been apparent at times for over 
a year since it was placed in service. This is seen by the production 
of typical chloro-phenol tastes in the south side water whenever the 
chlorine, introduced just before the water enters the pumps and goes 
to the consumers, is administered in such quantities that 0.05 p.p.m. 
or more of residual chlorine is found after five minutes’ contact, at 
times when no phenol river pollution is indicated. A considerably 
higher residual chlorine content can be maintained in the north side 
water, in the absence of phenol river pollution, without causing a 
taste in the water. It is believed, therefore, that by changing the 
point of application of the chlorine on the south side supply so as to 
provide a few hours detention after chlorination, the residual chlorine 
resulting from a dose adequate for safety would vanish before the 
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water entered the pipe, eliminating any future production of taste 
due to this pipe. 

In March of this year during a long siege of tastes in the water of 
_ both the north and south side supplies at Pueblo, ranging from oily to 
chloro-phenol and due no doubt to river pollution, pre-chlorination 
was tried at the south side plant. About 7 pounds of chlorine per 
million gallons was used, resulting in a residual of 0.10 p.p.m. after 
ten minutes’ contact. The result was disastrous, a much more 
intense taste being produced in the treated water. No taste had 
developed, however, in samples of the water obtained ten minutes 
after the chlorine application. 


FORT COLLINS 


At Fort Collins, Colorado, 1700 feet of 30-inch creosoted wood 
stave pipe was installed in 1926 to carry water from an intake in the 
Cache la Poudre River to the new purification plant, which com- 
prises coagulation, sedimentation, mechanical filtration and chlorina- 
tion. The creosoted pipe was well flushed for several days before 
being placed in service, and no chloro-phenol taste has been noticed 
in the chlorinated water. This pipe is apparently too short to intro- 
duce into the water flowing through it sufficient creosote to produce 
the characteristic taste upon subsequent chlorination of the water. 


DURANGO 


At Durango, Colorado, 2 miles of 18-inch creosoted wood pipe, 
in assembled sections rather than continuous staves, was installed 
during the summer of 1927 and placed in service in August of that 
year without any appreciable prior flushing. This carries water, 
originally obtained from a mountain stream, from one storage 
reservoir to another, and from the latter the water flows immediately 
to the city. For several days after this pipe was put in service a 
most disagreeable plain creosote taste was present in the water. At 
that time, anticipating the installation of a chlorinator at the dis- 
charge end of this creosoted wood pipe, an experiment was made by 
diluting the creosote-tasting tap water with distilled water until the 
creosote taste was not noticeable and then chlorinating this mixture 
with a calcium hypochlorite solution so as to result in 0.10 p.p.m. 
residual chlorine after ten minutes’ contact. A decided chloro-phenol 
taste developed in the sample in the course of about five minutes 
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and remained until it was discarded several hours later. This indi- 
cated that such a taste might develop in the city water if chlorination 
was practiced, even after the amount of creosote in the water had 
become too small to be noticed of itself. 


EXPERIMENTS 


At different times during the past two years experiments have been 
conducted at several cities to determine the possible production of 
chloro-phenol tastes in the water of their respective supplies when 
samples were impregnated with traces of creosote, and chlorinated. 
At each of the cities where the tests were made, namely, Canon City, 
Colorado Springs, Denver, Durango, Fort Collins, and Pueblo, a 
decided chloro-phenol taste developed in samples of one glassful when 
very small splinters from creosoted wood pipe staves and railroad 
ties were quickly immersed and withdrawn and the water then 
chlorinated. Likewise the taste developed in all of the waters when 
they were chlorinated prior to the introduction of the creosoted 
splinter, provided residual chlorine of about 0.05 p.p.m. or more was 
present when the splinter was introduced. In no case did the taste 
develop when the water was similarly chlorinated but the creosoted 
splinter not introduced. 


SUMMARY 


Summarizing the data offered by these experiences, we find that 
certain waters coming in contact with relatively new creosoted wood 
pipe and treated either previously or subsequently with chlorine in 
amounts customary for sterilization, develop a characteristic chloro- 
phenol taste, whereas the same waters similarly chlorinated but not 
coming in contact with such pipe do not develop the taste. Among 
the factors apparently influencing the formation of the taste are: ~ 
the amount of organic matter in the water, the less present the more 
decided the tendency for taste to develop; the.amount of residual 
chlorine in the water as it enters such pipe, in the case of prior chlo- 
rination; and the several factors which determine the amount of creo- 
sote taken up by the water in passing through the pipe, such as the 
newness of the pipe in point of service, and the amount of contact. 
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WATER HARDNESS, ITS EFFECTS AND ITS REMOVAL! 
By E. THompson? 


A hard water, popularly speaking, is one with which it is difficult 
to obtain a soap lather. To understand this we have to become some- 
what familiar with the nature of soap; and we can best do this by con- 
sidering for a moment how it is manufactured. The raw materials 
are essentially animal or vegetable fats and oils, such as tallow, palm 
oil or olive oil, and caustic soda. When the oil and caustic soda are 
mixed under certain conditions, the soda combines with the oil forming 
the sodium salts of the respective fatty acids. These compounds are 
known as soaps. 

The oils form soaps with other alkalies also, the nature of the soap 
being dependent on the alkali used. If soda is used, as above, a hard 
soap is produced which can be pressed into cakes; if potash is used, we 
obtain the familiar soft soap; and if lime or magnesia are used, the 
soap which is formed will not dissolve in water and is therefore of no 
use for cleansing. 

Now this is exactly what occurs when soap is used with hard water. 
The soluble sodium soap is changed into the insoluble calcium or mag- 
nesium soap, and lather is not obtained until sufficient soluble soap 
has been added to convert the hardness into insoluble soap. This 
insoluble soap collects on the sides of washbasins in the form of curds, 
with which we are all familiar. We are, in reality, softening the water 
with soap before using it. 

Water, in its original state as it falls from the heavens as rain or 
snow, contains very little matter in solution except atmospheric gases. 
Thus rain water is soft, that is, it will lather immediately with soap. 
As this water flows through underground and surface channels to 
join larger bodies of water it rapidly dissolves hardness salts, to- 
gether with other impurities, from the rocks, ete., with which it comes 


1 Presented before the Canadian Section meeting, March 8, 1928. 
2 Assistant Chemist and Bacteriologist, Filtration Plant, Toronto, Ontario, 
Canada. 
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in contact. In the case of surface waters, industrial wastes also con- 
tribute to the hardness. 

The chief hardness salts are the carbonates, bicarbonates and sul- 
phates of calcium and magnesium. In addition to these compounds, 
iron and aluminum salts and other substances also add to the hardness, 
but these are relatively unimportant from this standpoint, although 
of great importance in other regards. 


TEMPORARY AND PERMANENT HARDNESS 


Calcium carbonate, which is simply limestone, is only slightly 
soluble. In other words, pure water will dissolve only a small amount 
—about 15 p.p.m. (1, 2). When carbon dioxide is present, however, 
which is invariably the case, being a constituent of the atmosphere and 
a product of decomposition, it is converted to calcium bicarbonate 
which is more soluble. Water, then, with the aid of carbon dioxide, 
carries in solution a great deal more calcium carbonate than could 
remain in solution if the carbon dioxide was removed. When water 
containing this type of hardness is boiled a considerable amount of 
carbon dioxide passes off with the steam, and as a result calcium car- 
bonate separates as a solid deposit. If this process was carried to 
completion there would remain in solution only the small amount of 
carbonate which is truly soluble. The best example of this can be 
found in our homes in the humble tea-kettle. The deposit which col- 
lects on the sides and bottom is chiefly calcium carbonate which was 
carried in solution until carbon dioxide was driven off during the boil- 
ing of the water. 

The fact that this type of hardness is so easily deposited gives rise to 
the term temporary hardness, which distinguishes it from tie remaining 
carbonate and the sulphate hardness, which are unaffected by boiling 
and are therefore known as permanent hardness. 

The above described phenomenon is true also of the corresponding 
magnesium salts, but the softening effected is less, owing to the greater 
solubility of magnesium carbonate—100 p.p.m. (3). 


EFFECTS OF HARDNESS 


The effects of hardness are many and varied. The most important 
from the standpoint of the domestic consumer is that to which we have 
already referred, namely, soap waste. Buswell (4), in an excellent dis- 
cussion of the subject, shows that the theoretical loss is about +5 
pound of soap per 1000 gallons for every part per million of hardness 
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and that laundry experience indicates a loss of about ;45 pound per 
1000 gallons. He estimates that a ton of soap is wasted every day in 
a community of 40,000 people using a water with 300 parts per mil- 
lion of hardness. 

Most authorities state that the saving in soap alone is greater than 
the cost of municipal water softening. Thus at Lansing, Mich., 
Eldridge (5) estimates that with a hardness of 380 p.p.m. the annual 
soap loss is $134,000, while the cost of softening would be only 
$103,300; and at Madison, Wis., White (6) estimates the soap waste 
to be $67,890 per annum and the cost of softening only $38,225. 

The average per capita use of water for washing is usually esti- 
mated at one gallon per capita per day, or less than 1 per cent of the 
total water supplied. The value of soft water in laundering can there- 
fore be readily appreciated. It is probable that most laundries, 
particularly those of appreciable size, employ softening where the 
community supply is hard. In addition to the economy effected, 
difficulties due to staining by the insoluble soaps formed, which are 
not easily removed from the fabrics, are avoided. It is of interest 
to note in this connection that Strout (7) reports that clothes washed 
in soft water have an increased life of 25 to 100 per cent. 

Another field in which the savings that may be effected by water 
softening are very great is in boiler practice. To deal with this phase 
of the subject in an adequate manner would require much more time 
than is available and we will therefore content ourselves with a few 
brief references to it. In this case the effect of hardness is to cause 
increased fuel consumption by the formation of scale on the heating 
surface of the boiler, as in the illustration of the tea-kettle previously 
given. The permanent hardness also enters into the problem as the 
concentration increases to such an extent by the continual addition of 
fresh water that the solubility of these salts is far exceeded. 

Parr (8) states that a conservative estimate of the loss of fuel would 
be 10 per cent for each ;5 inch of scale, while Rankine (9) estimates 
the loss at from 16 per cent for } inch of scale to 150 per cent for 4 
inch. 

Coughlan (10) reports that railroads have found water treatment 
to be an important means of reducing operating costs. He quotes 
from the Railway Engineering and Maintenance Encyclopedia to the 
effect that approximately 1000 water softeners are now operated by 
the railroads of the United States, removing 100,000,000 pounds of 
scale annually at a saving of about $13,000,000 per year. Grime 
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(11) states that a leading Eastern railroad estimates the annual loss 
in fuel and maintenance costs due to’ unsuitable water to be 
$3,000,000. These data indicate the enormous savings that may be 
effected in boiler operation by water treatment. 

There are also serious objections to the use of hard water in various 
industrial processes. Thus hard water causes loss of dyes in the tex- 
tile industry, waste of tannin and other chemicals in tanning opera- 
tions, toughening of canned vegetables and increased use of size in 
paper manufacture. It also gives rise to unsightly cores in artificial 
ice cakes, and introduces complications in the scouring of textile 
fibres. 

Some years ago goiter and certain diseases of the kidneys were 
attributed by investigators to the domestic use of hard water, but it 
is now generally conceded that, within reasonable limits, there is little 
connection between the hardness of the water supply and the health 
of the community (12, 13). 


SOFTENING METHODS 


In 1841, Dr. Clark, of England, discovered that temporary hardness 
could be largely removed from water by addition of lime. This is 
simply another means of removing the carbon dioxide which enables 
calcium carbonate to remain in solution. The lime combines with the 
carbon dioxide forming more calcium carbonate, which, together with 
that originally present, separates as a white solid. The small amount 
which is truly soluble, of course, remains in solution. 

Magnesium carbonate can be removed in a similar manner, but, 
as its solubility is considerable—100 p.p.m.—the process must be car- 
ried further. This is accomplished by applying an additional equiva- 
lent of lime, which decomposes the magnesium carbonate, forming 
calcium carbonate and magnesium hydroxide. The latter, being 
nearly insoluble—6.4 p.p.m. (14)—is deposited with the calcium 
carbonate. 

A very great advantage of the Clark process is that the softening 
reagent is deposited with the temporary hardness. There is no new 
compound formed which remains in solution, and, consequently, 
the total amount of substance in solution is reduced approximately 
to the same extent as the hardness. This cannot be accomplished in 
the case of calcium or magnesium sulphate, which, as previously ex- 
plained, are the chief permanent hardness salts. 

The chemical employed for the removal of permanent hardness is 
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sodium carbonate, commercially known as soda ash, which decom- 
poses the calcium and magnesium sulphates, forming sodium sulphate 
and calcium and magnesium carbonates. As in the case of the tem- 
porary hardness, the magnesium carbonate must be converted to 
the hydroxide, which will settle out with the calcium carbonate. The 
sodium sulphate, being very soluble, remains in solution. As the 
sodium combining weight is greater than that of either calcium or 
magnesium, the total amount of substance in solution is actually 
increased. 

This method, which was discovered by Porter, is widely used in 
conjunction with Clark’s lime treatment under the name Clark- 
Porter process, or, more commonly, the lime-soda process. The 
amounts of lime and soda ash required can be calculated from an 
analysis of the water to be treated. After adding the necessary 
chemicals and agitating for the desired length of time, the water is 
passed through settling basins to remove the precipitated hardness. 
The period of sedimentation allowed varies at different plants accord- 
ing to the composition of the water and other factors. From four to. 
twelve hours is usually sufficient. The temperature of the water is 
important, low temperatures tending to retard the chemical reactions 
involved. The use of clarifiers facilitates the removal of the sludge. 

Unfortunately the application of the lime-soda process in practice 
is not always as simple as the foregoing outline would indicate. One of 
the difficulties encountered, particularly with waters high in mag- 
nesium, is that maximum reduction of hardness can only be effected 
by the use of chemicals in excess of the theoretical amounts neces- 
sary. Several modifications have been introduced to overcome such. 
complications. Hoover, of Columbus, Ohio, who has been very ac-: 
tive in this connection, believes the incomplete reactions to be due: 
to the formation of complex basic carbonates or colloidal precipi- 
tates (15). 

The modifications which have been devised to cope with this situa- 
tion include split treatment, return of excess sludge and the use of 
coagulants. Split treatment consists in overtreating the major por-. 
tion of the water with lime and soda ash, thus effecting maximum re- | 
duction of hardness, and then neutralizing the excess of chemicals 
with the remainder of the water. The effects of returned sludge and 
of coagulants are described by Bull (16) and Hoover (17) respectively. 
Both methods aid sedimentation. In municipal plants, softening 
below 60 to 75 p.p.m. is seldom attempted. 
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Another difficulty encountered is the formation of carbonate de- 
posits on the filter sand and in the distribution system following treat- 
ment. This is due to the fact that deposition of the carbonates is not 
complete when the water leaves the sedimentation basin. The 
remedy is to apply carbon dioxide to the water just prior to filtration. 
In principle, this process, which is known as recarbonation, is just the 
Clark process reversed. Thus lime treatment consists of removing 
carbon dioxide so that the carbonates will precipitate, while recarbona- 
tion consists of adding carbon dioxide so that the residual carbonates 
will remain in solution. The carbon dioxide is usually generated by 
burning coke, oil or gas in a suitable apparatus. 

Lime treatment, if carried far enough, in addition to its softening 
action, is an effective means of sterilization. Several plants in Ohio, 
where difficulties due to chlorophenol tastes are prevalent, are using 
this method instead of chlorination. Owing to its property of remov- 
ing carbon dioxide, which is essential to plant life, lime is also an 
efficient algaecide. 


SOFTENING BY BASE EXCHANGE 


Another method of softening water is that known as zeolite treat- 
ment or base exchange, which consists of passing the water through 
a filter containing zeolite sand instead of silica sand as in ordinary 
filters. Zeolites are compounds of aluminum, silica and sodium (or 
potassium), which occur in nature or can be prepared artificially. 
They possess the property of being able to exchange their bases for 
others with which they come in contact. Thus, for example, when 
water containing calcium carbonate is passed through a bed of zeolite 
the calcium is retained and the sodium of the zeolite is substituted for 
it, the effluent containing sodium carbonate instead of calcium car- 
bonate. Any type of hardness, calcium or magnesium, temporary 
or permanent, can be removed by this process. 

When the base exchange power of the material becomes exhausted 
the filter is removed from service and the process reversed. A solu- 
tion of common salt, which is sodium chloride, is passed through the 
bed, the sodium being retained by the zeolite and the calcium or mag- 
nesium liberated, the latter flowing to waste with the spent salt solu- 
tion. The filter is then ready for service again. 

There are a number of base exchange materials on the market, 
such as permutit, permutit B, doucil, kenzelite, etc., which differ in 
chemical and physical structure, but the principle of their action 
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is the same in each case. The amount of salt required for regeneration 
varies somewhat, but is usually 3 to 4 pound per 1000 grains of hardness 
removed. 

A water of practically zero hardness can be produced by this 
method, but, as in the case of removal of permanent hardness with 
soda ash, the content of total solids is increased to a certain extent. 
The high concentration of sodium salts in the treated water, which is 
directly proportionate to the original hardness, may be objectionable 
in some cases, as these salts are believed to be a contributory cause of 
foaming in boilers. Any impurity, such as suspended matter, iron, oil, 
ete., which would tend to form a deposit or film on the zeolite grains 
must be removed before this method can be applied. 


LIME-ZEOLITE METHOD 


An interesting combination of the two methods described above is 
being experimented with at Columbus (18). Studies have indicated 
that temporary hardness may be removed more economically by 
lime treatment than by the zeolite method, while permanent hard- 
ness may be removed by the zeolite process at about one-half the cost 
of soda ash treatment. The method proposed is treatment with 
lime and alum, sedimentation, recarbonation and finally filtration of 
a portion of the water through zeolite filters and the remainder through 
ordinary sand filters. The amount treated by the zeolite method 
would depend on the degree of hardness desired in the finished 
product. 

In this way the advantages of both methods would be incorporated 
in one treatment plant. The advantage of the base exchange method 
of being able to effect any desired degree of softening would be re- 
tained without the inherent disadvantage of producing a high con- 
centration of sodium salts in the treated water. The advisability of 
employing this method would depend, of course, on the proportion of 
temporary and permanent hardness in the water under consideration. 
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MODERN PRACTICE IN CAST IRON PIPE MANUFACTURE! 


By R. J. DisHErR? 


Many years ago, when the specifications for vertically cast, cast 
iron pipe were compiled, there were conditions existing in foundry 
practice where additional weight and thickness were very desirable 
from the manufacturer’s standpoint, and very acceptable at that time 
by the purchasers of cast iron pipe, as well as the water works asso- 
ciation. The factor of safety in manufacture only was urgently 
needed to take care of irregularities then existent, but the factor 
safety in service was amply taken care of in the preceding specifica- 
tions. When pig iron was selling at $7.00 to $8.00 per ton, Birming- 
ham, labor was cheap, railroad rates were low and rebates freely 
given, a few pounds more per foot in the weight of cast iron pipe was 
considered of little importance either in the price per foot at the 
foundry or at the delivery destination, but with the cost of pig iron 
in recent years from $18.00 to $24.00 per ton, Birmingham, labor 
nearly double, railroad rates in same proportion, and being revised 
steadily upward, the necessity of a lighter pipe with the same or 
greater strength became an issue of importance. 

The necessity of revising weights led to some very interesting 
developments. The logical method was that of casting horizontally, 
as a thinner pipe section can be cast in this manner than vertically. 
The older installations of cast iron pipe to which we all point with 
justifiable pride, as lasting a century or more, were cast horizontally, 
but in short. lengths and of comparatively thinner wall section than 
the present vertical cast pipe of the same diameters. 

Our present Birmingham Company started the pioneering in this 
stronger, tougher, lighter weight pipe field. Their aim was for a 
pipe of thin type, cast by natural methods, but with modern devices 
and materially changed foundry equipment. This has been fully 
justified by the results. Shortly after this method was found practical 
other mechanical processes were investigated. In less than a year, 


1 Presented before the Montana Section meeting, March 8, 1928. 
? District Manager, Pacific States Cast Iron Pipe Company, Portland, 
Oregon. 
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the rights to manufacture pipe by the centrifugal process in metal 
molds were purchased and one or two companies began to produce by 
that method. Later a group of other manufacturers, noting the 
success of these two processes, conducted exhaustive tests and experi- 
ments, with the result that another type of centrifugal pipe was 
developed, made by spinning in sand lined molds. At present there 
are three types of this stronger and lighter pipe recognized as 
standard. This is borne out by the fact that the major portion of 
cast iron pipe produced in 1927 was made by these processes. Other 
types of modern pipe are the centrifugal made in metal molds and 
the centrifugal made in sand lined molds, or known as sand spun. 

The first type is made by spinning the molten iron against a water 
cooled special steel revolving cylindrical mold, the metal being intro- 
duced through a long trough extending the length of the mold and 
suspended to distribute the metal. The mold revolves at a high 
speed and recedes as the casting isformed. This type of pipe is made 
with plain spigot ends, as a bead would prevent the casting being 
pulled from the molds. As the casting is made against a water 
cooled metal mold, which chills and hardens the iron, it is necessary 
to put it through an annealing process to remove the strains and make 
it machinable. 

With the other, or sand spun, process, sand lined cylindrical molds 
are used. The quantity of iron required to make a pipe is poured 
into the mold at one time, then the mold is revolved at a very high 
speed, throwing the metal with centrifugal force against the lined 
mold, thereby forming the pipe. There are certain other finishing 
processes on this type, which are necessary before the product is 
complete. 

The horizontal sand cast process bears the name of the inventor of 
certain equipment, which has made the method a success and is 
generally known as the “McWane horizontal sand cast process.” 
Pipe made by this method is made in moist or green sand molds with 
green sand cores. The flasks are placed in a horizontal position, the 
cores are set and with an ingenious device are adjusted to within 
z00y Of an inch which holds them central when the metal is poured. 
The top half of the flask has several openings through which the metal 
is poured and the metal enters the mold itself through many gates. 
The ladle handling the molten iron has lips corresponding in posi- 
tion with the openings or risers in the flasks and when the ladle is 
tilted the metal pours into all openings simultaneously, and in this 
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manner the iron reaches all parts of the mold in the quickest time and 
under the highest temperature, as it has been proven that the hotter 
the iron is when it reaches its final destination in the mold, the 
stronger the casting will be. Special care is used in the selection of 
the sand and tests are daily made as to the qualities in the sand 
essential for accomplishing these purposes. Elaborate mixing and 
handling devices are used in connection with the sand and its tests. 
The moisture in the green sand molds and cores causes the crystals of 
the iron so to arrange themselves that the maximum strength with- 
out internal strains is obtained, leaving a soft, strong iron, easily 
machined. The casting is then left in the sand in which it was cast 
for a determined time, allowing the casting to cool gradually without 
strains which are incident to the other processes. 

The horizontal method is very flexible, making it possible to pro- 
duce pipe with various types of bells, spigots with plain ends or special 
beads, also with acceptable lettering or dates. While flexible, this 
method lends itself to standardization as the same internal and 
external diameters and the same weight per foot is used for pressures 
ranging from a few ounces of gas to 150 pounds water working pres- 
sure. With approximately the same external diameter as the old 
style pipe, the internal diameter is slightly larger, giving greater 
carrying capacity. 

Actual test data show there is absolutely no relation between the 
thickness and longevity of cast iron pipe, as due to the granular 
structure, rust forms a protective coating and does not flake off as in 
the case of steel. Recent Federal Government tests made in the 
high acid soil of Southern California established that a thin cast 
iron pipe will last underground as long as a thick one; in fact, the 
balance is in favor of the thin section, due to its closer grain. 

It may be well to mention in connection with the above, also, that 
the strength of a casting is not by any means in direct proportion to 
its thickness, which feature has been established for many years and 
is best presented by extract from article of Mr. Willard Rother of the 
Buffalo Foundry and Machine Company in the Iron Age, as far 
back as August 7, 1924, in which he states: 


The controlling factor governing the strength of cast iron is the presence of 
graphitic carbon, or carboninthefreestate. It is well known that the propor- 
tion of free and combined carbon varies with the thickness of a casting. A 
thin casting cools quickly and allows a considerable portion of the carbon to 
remain in the combined state, which gives a closer grained iron. The same 
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iron poured in a heavier section cools much more slowly, permitting increasing 
quantities of carbon to change from the combined to the free state. In propor- 
tion to the time consumed in cooling, the metal naturally becomes coarser and 
weaker. 


The foregoing statement confirms the contention that the thinner a 
cast iron pipe section is, the stronger it is in proportion to its thick- 
ness. In other words, nature penalizes you for increasing and 
rewards you for decreasing the thickness of a cast iron pipe section. 

The green sand mold with the green sand core has been found to be 
the most natural way of utilizing this principle of cooling for an 
increase in strength, and the inner and outer surfaces are in contact 
with the same molding surface, sand. The dry sand mold and 
baked cores cool the iron too slowly, resulting in certain inherent 
weaknesses. The permanent mold cools the castings very rapidly, 
resulting in hardness, necessitating heat treating or annealing, and 
the sand spun process develops certain features requiring further 
finishing, none of which are encountered in the horizontal molding 
method. 

The thickness of pipes manufactured under the above processes _ 
vary very slightly. Take for instance a 6 inch pipe manufactured by 
these three processes for 150 pounds working pressure. The varia- 
tion in thickness between these pipes is only two hundredths of an 
inch, the average thickness being 0.36 of an inch, and a corresponding 
average weight of 25.5 pounds per running foot. The other sizes, of 
course, are in proportion. Compare this with Class B, which is, of 
course, heavier and thicker, but is only recommended for 86 pounds 
working pressure. 

Up to about ten years ago, heavy cast iron pipe was considered 
entirely satisfactory from a manufacturer’s and user’s standpoint, but 
the economic situation having changed, naturally the investigations 
and developments mentioned were started. It may be said that 
progress in the development of better and stronger pipe has been in 
keeping with the modern progress in other lines of manufacture. 


DISCUSSION 


D. W. Wautace: The arguments for and against lighter weight 
cast iron pipe made by either A. W. W. A. method of manufacture, 
or more recent methods of horizontal casting, according to manu- 


’ American Cast Iron Pipe Company, Birmingham, Ala. 
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facturer’s own standards (no reference here to centrifugal casting) 
only renews a situation existing in this country prior to the adoption 
of the A. W. W. A. standard specifications for the manufacture of cast 
iron pipe in 1908. Prior to this time pipe manufacturers had their 
own individual standards, more or less flexible, to meet all trade 
conditions. Competition with one another under such a situation 
made it difficult for any pipe buyer intelligently to analyze bids, and 
to choose the better pipe for the service intended. This dangerous 
situation resulted in the pipe buyer naturally putting a premium on 
pipe salesmanship, with little protection to the buyer. 

The water works engineers and superintendents, all members of 
the A. W. W. A., organized for the good of the cause, realized the 
evils and dangers of the condition just outlined, compiled after much 
study, and adopted in 1908, what is known as A. W. W. A. Standard 
Specifications for the manufacture of Cast Iron Bell and Spigot Pipe. 
Such specifications govern in all respects the complete method of 
cast iron bell and spigot pipe manufacture, from pig iron to the 
finished product. Up to this time, the A. W. W. A. have not seen 
fit to change the specifications of 1908. 

During the past war period of rapid development and expansion of 
cities, notably in Florida and the south generally, when the demand 
for pipe greatly exceeded the supply, a new pipe company begun the 
manufacture of a horizontal cast iron pipe, manufactured and 
marketed to the trade under the maker’s own specifications. The 
horizontal cast method conflicts with the method laid down by the 
A. W. W. A. in many respects, notably: method of casting, kind of 
molds (wet or dry), wall thickness of pipe and likewise weights, etc., 
all of which are fundamental to A. W. W. A. specifications. 

Few pipe buyers know the high factor of safety in A. W. W. A. 
specifications. As an illustration: 6 inch Class ““B” pipe is rated for 
86 pounds working pressure. The average bursting strength of 6 
inch Class “B”’ pipe, taking all the manufacturers as a whole, is 
about 2000 pounds. It is, therefore, possible to make a pipe by any 
casting process 25 per cent or more lighter than Class “B”’ and 
guarantee it for several times in excess of Class “B’’ pipe rated 
pressure. However, when you tamper with wall thickness, you 
tamper with the all important item of factor of safety. 

It is, therefore, suggested that in fairness to all the manufacturers 
of cast iron pipe, competition be invited on an equal basis of metal 
thickness and resultant weight per foot, due consideration being given 
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_ to the better physical characteristics obtained in some of the new 
products as a result of process of casting. 

It is obviously unfair to the A. W. W. A. manufacturers for a 
municipality or pipe buyer to ask for and specify prices on Class ““B” 
or “C” pipe, A. W. W. A. specifications with an alternate considera- 
tion from a single manufacturer’s standard calling for pipe 25 per 
cent lighter in weight and expect the prices of the pipe 25 per cent 
heavier to be in line with the lighter pipe. 


J. J. Witson:* The speaker has called attention to, and empha- 
sized the merits of, cast iron as a pipe material; and has suggested the 
use of a lighter weight cast iron pipe than that considered standard, 
or as approved by the specifications of the American Water Works 
Association. It is interesting to note that cast iron pipe manufac- 
turers are suggesting and urging thin pipe, which approaches the 
thickness of steel pipe now on the market. I am reminded by contrast 
of the first cast iron pipes made in France, which, I understand, were 
about 23 inches in thickness, whereas the present specifications of a 
prominent manufacturer permits, for 4 inch class 50 pipe, a wall 
thickness of 0.26 inch, less permissible variation of 0.04 inch, or a 
minimum thickness of 0.22 inch, which is less than } inch. This is 
less than 10 per cent of the thickness of the original pipe in France. 
Six inch pipe on the same basis has a minimum thickness of only one 
half a hundredth over } inch. Class 150 has a thickness of 0.05 
inch more; and Class 250 has a thickness of 0.09 inch more. These 
minimum thicknesses are only slightly more than half the thick- 
nesses of standard Class B cast iron pipe as approved by the American 
Water Works Association. 

Steel Pipe. If light wall pipe is desired, why not take advantage, as 
many have already done, of the strength and ductility of steel that is 
provided with a protective coating to prevent tuberculation inside and 
corrosion outside. Steel pipe can be furnished in longer lengths, which 
effects large savings in laying costs, and reduces the leakage factor 
and joint hazards. Every water works man knows that pipe joints 
are the greatest source of trouble. Hence by reducing the joints by 
one-third or more, these troubles are correspondingly lessened. With 
steel pipe there is practically no loss through breakage, whereas I have 
been informed that breakage of light weight cast iron is ordinarily 
reckoned at 2 per cent, or, if in rough country, at a larger figure. 


‘ District Engineer, National Tube Company, Denver, Colo. 
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Steel pipe of various classes, such as welded and riveted has been 
used in water works since the beginning of its manufacture, nearly 
fifty years ago, but to shorten this discussion I will confine my talk to 
welded pipe such as manufactured by the National Tube Company. 

Welded steel pipe for water works may be divided into four general 
classes: viz., (a) lead joint; (b) bolted joint; (c) screw joint, and 
(d) to a lesser extent welded joint. 

Lead Joint Pipe, chiefly Matheson Joint, is a bell and spigot pipe 
well known throughout the Rocky Mountain States, where hundreds 
of installations have been made. The joint on this class of pipe has 
lately been modified to permit more caulking space, and at the same 
time furnish a better lock to the lead. Recent tests at our mill failed 
to blow out the lead before the pipe burst at 1800 pounds pressure per 
square inch. 

As to protective coatings, I think you all realize, as we do, that 
they are necessary for all ferrous metals, and also for the non-ferrous 
metals, and even for concrete where buried in western alkaline soils. 
In Mr. K. H. Logan’s paper on the ‘Soil Corrosion Investigation” 
of the United States Bureau of Standards, published by the American 
Institute of Mining and Metallurgical Engineers, the statement is 
made under “Results with Unprotected Pipe Materials’ that 
soil rather than the type of material seems to control the corrosion so 
far as the ferrous metals are concerned, and as yet the corrosion rates 
of the wrought materials in any given soil do not markedly differ.” 

These tests included steel, wrought iron, armco iron and cast iron. 
It is interesting to note that the ordinary gray cast iron was the 
worst corroded in the strongly alkaline soils. While these tests are 
not conclusive as yet, they provide an intimation of what may be 
expected. 

His report on bituminous coatings indicated that the heavier 
coatings were best, so that we have lately adopted these heavier dips_ 
and wrappings as standard for our water works pipe. 

There are hundreds of installations of Matheson Joint Pipe through- 
out the West that are giving entire satisfaction and while there may be 
a few that have not fulfilled expectations, the same can be said of 
others and more costly materials. One of the larger installations is 
in the neighboring city of Butte, which has used either Converse or 
Matheson Joint Pipe for nearly forty years. 

In the March, 1927 issue of THe Journat there is a complete 
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description of the Butte Water Works. Among the conclusions, on 
' page 386 is the following: 


The use of lap welded steel pipe, with joints installed in 1920 on Big Hole 
Line No. 2, has proven eminently satisfactory, both in first cost and in main- 
tenance. 

The exclusive use of Matheson Joint welded steel pipe in our city system 
has proven eminently satisfactory not only in first cost, but in cost of main- 
tenance. The fact that some of this pipe has been in continuous operation for 
forty years indicates long life for that class of material. 


Other large cities using Matheson Joint Pipe almost exclusively 
are Ogden, Utah; Gary, Indiana; Albuquerque, New Mexico; nu- 
merous smaller cities use it exclusively; and hundreds are using it 
for flow lines, pressure lines or other parts of the water works. 

Bolted Coupling Pipe, as well as Welded Joint Pipe, is chiefly used 
where pressures are too great for lead joint pipe. The pipe material, 
as well as the coatings, are practically identical with the Matheson 
Joint Pipe previously described. The bolted joint pipe is particu- 
larly desirable as the joints are easily and economically made up 
with unskilled labor, and may be made bottle tight without in any 
way disturbing the protective coating applied at the mill. This is 
important in reducing corrosion hazards near the joint, as the pipe 
can be kept dry on the outside in so far as leaking is concerned, and 
corrosion cannot proceed in the absence of moisture. 

Screw Joint Pipe, known to everyone, need not be described except 
to call attention to the various finishes. For water pipe, it is usually 
galvanized by dipping in hot spelter, permitting the steel to take up as 
much zine as it will naturally acquire; in this respect being quite 
different from wire and sheets which have much of the zine removed 
while still hot. Much better than the galvanized pipe is the gal- 
vanized, dipped and wrapped pipe, which is used for permanent 
_ service connections in corrosive soils. Such pipe is used at Columbus, 
Albuquerque, and other places where the soil is highly alkaline. 
Such pipe is easily installed, strong and permanent. Of course, 
screw joint pipe is available in all ordinary sizes, and is generally used 
in water works practice up to three inches; but for larger sizes it is 
customary to use some of the other joints available. 

Useful Life. The question is often raised, and very properly, 
regarding the comparative life of steel pipe as against cast iron or 
other materials. In considering this question one should take into 
consideration other factors such as coatings, soil conditions, fire 
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protection, capacity, reliability, etc., which may be summed up in 
the two words, “‘useful life.” Mr. C. W. Sherman, of Metcalf and 
Eddy, in a paper before the New England Water Works Association 
in January, 1923, states: “In this country we have instances of cast 
iron pipe seventy-five years old and stillin service; but the average 
age of the distributing system containing these pipes is likely to be 
less than twenty years because so large a proportion has been added 
in recent years.” He gives the average life of a cast iron distribution 
system at fifty years. Various factors enter in determining “useful 
life.” Among these, the growth of a city or town is important, as 
larger mains are often required within twenty years to meet such 
growth. The character of the water supply has an important bearing. 
Some waters cause interior corrosion or incrustation, which shorten 
the life of pipe. In southern New Mexico one town had to renew 
the cast iron pipe within twenty years because of corrosion stopping 
up the pipe on the interior and attacking the pipe on the exterior. 
Other towns are having similar troubles. 

Many towns go to great expense to restore the carrying capacity of 
cast iron mains, only to find that corrosion with ensuing tubercula- 
tion starts again faster than before. Charlestown, S. C., and other 
places have turned to coated pipe as a result. Mr. E. Grimes, Super- 
visor of Waterworks of the Northern Pacific Railroad, Fargo, N. D. 
described the stoppage and cleaning of several such lines in Railways 
Magazine, page 427, 1924. A 10-inch pipe line, 3} miles long, had 
incrusted to a depth of 2 inches, leaving a 6-inch opening with the 
result that pumps delivered 18,000 gallons per hour at 65 to 70 pounds 
per square inch pump pressure, whereas the original flow was 26,000 
gallons at 45 pounds pump pressure. As most pipe lines are designed 
to provide for future increased demands, it is evident that a smaller 
pipe that does not deteriorate in carrying capacity with age is 
more desirable than large pipes that choke up. That this is more 
generally recognized by waterworks men, was brought out at a 
recent meeting of the A. W. W. A., at which W. W. Brush, of the 
City of New York argued that cast iron pipe should be coated to the 
same extent as steel pipe. That such protection should be required 
for western alkali soils is indicated by the experiences of many towns 
in Canada, Montana, Colorado and New Mexico, where unprotected 
cast iron has corroded to such an extent within twenty years that the 
pipes are greatly weakened and many leaks or broken pipes have 
resulted. 
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COST OF EXCAVATING WITH SMALL TRENCHING 
MACHINES! 


By H. S. Greene? 


About ten years ago public service corporations began to feel the 
need of a small ditching machine which would take over work at 
that time being done very expensively by hand. About five years 
ago this demand was met by two manufacturers who had not up 
to this time made ditching machinery. Both working independently 
produced machines of very different character. During the past 
five years, these machines have been universally applied in all parts 
of North America, Australia, Hawaii, and European countries, 
including Russia. 

A small trench machine may be defined as a machine to cut 
about 24 inches wide and capable of digging 6 to 8 feet deep. This 
machine should be full crawler mounted and three point suspension 
and must be designed to travel.fast from one part of a job to the 
other. 

In suggesting the small trench machine, my prime consideration 
was the class of work which you might have to do. Asa rule, large 
sewers and water mains are contracted. A small machine, however, 
may be used on all water main extensions, sewers, and house 
connections. 

Trench machines of the continuous cutting type may be divided 
into three classes: the ladder, wheel, and vertical. 

In the ladder type, the digging element consists of an inclined 
boom much like a ladder, this being pivotly secured to the frame of 
the machine. The upper end has the driving sprocket and the lower 
end the idler sprocket, and the chain to which the digging buckets 
are attached runs over these. The ladder type machine is generally 
used where ditches are 6 feet or over in depth. 

The wheel type machine gets its name from the fact that the digging 
buckets are attached to a revolving wheel. Due to its design it is 
usually used for shallow trenches. 


1 Presented before the San Francisco Convention, June 13, 1928. 
2 Vice President, Barber-Greene Company, Aurora, III. 


496 


COST OF EXCAVATING WITH SMALL TRENCHING MACHINES 497 


The vertical boom type of machine probably needs more explana- 
tion as you may not all be familiar with the different features of its 
design. This machine was primarily designed to operate in close 
quarters and at the same time eliminate weight. In order to do this 
the digging element is mounted vertically. This feature of the 
design permits the buckets to be held positively to the work and at 
the same time they are arranged so that they can spring back under 
excessive strain. The machine is very short overall which is a big 
factor as it allows the machine to manoeuver quickly in close quarters. 
In fact, the machine can dig straight across the street. Vertical 
boom machines are now built to dig from 0 to 9 feet deep and from 
4 to 24 inches wide. 

Certain elements of design seem to be accepted by all of the 
manufacturers of small machines and will be found more or less 
constructively worked out. These items are: 

The machine should be entirely supported on two crawlers and 
it should have a wide range’ of travel speeds, both for road and dig- 
ging. The operator should be able to change instantly from one 
speed to the other to suit varying soil conditions. 

One of the big problems that all trench machines face, and this 
applies also to steam shovels and drag line excavators, is the dis- 
charging of sticky materials from the buckets. All trench machines 
require a bucket cleaner or some method of discharging the sticky 
clay. In the ladder type the cleaner must be used almost all the 
time unless the digging is in a sand or gravel formation. The 
cleaner is made up of a cleaner plate which conforms to the shape 
of the buckets. This plate is mounted on a steel casting which is 
suspended on the headshaft. A ccil spring is used to hold the plate 
in position. As the buckets crowd against it the spring tends to 
compress and after the buckets pass, the recoil action tends to clean 
the plates. This cleaner is very satisfactory. 

The wheel type machine uses a bucket with a removable back. 
In wet or sticky soil, this back is removed and the material is held 
in the buckets by means of gumbo fingers which might be likened 
to a pitchfork. Then what is called the sabre cleaner is added to 
the machine. This is a series of steel prongs spaced the same dis- 
tance apart as the prongs on the buckets and as the wheel revolves 
these prongs pass through the buckets and strip out the dirt. 

The vertical boom machine does not use a bucket cleaner as it 
is generally understood in relation to trench machinery. The buck- 
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ets themselves might be spoken of as being self-cleaning. The 
- bucket line is built up of two principal parts, that is, the bucket 
link and the link above this which we might call the cleaner link. 
This link has a lip on the lower part of it which passes automatically 
through the buckets when they pass over the head sprocket. The 
resulting action secures a positive discharge of any material. There 
is nothing to put on or take off at any time, the parts are always 
ready and automatically go into action when they are required. 

Another feature which should be incorporated in every machine 
is a safety device which will protect the machine from injury and 
eliminate the breakage of underground pipes. There are three 
methods of absorbing shock. First, using a belt drive between the 
engine and the machinery, second, a clutch which will slip under- 
load, and, third, a safety device which will release under excessive 
load. The belt gives very satisfactory results. One manufacturer 
continues to use this between the engine and the machinery and 
without question this provides a safety factor as all shocks and strains 
from the digging teeth are absorbed in this belt. Another manu- 
facturer uses a master clutch which is built into the driving machinery 
and is so designed that the pressure or power required to drive the 
machinery can be adjusted. The slipping clutch does not perform 
as satisfactory as the belt. A slipping clutch operates very much 
better when mounted on the head shaft. This type of a drive is 
adjustable and preferably this adjustment should be made at one 
point. 

The manufacturers of the vertical boom ditcher have a patented 
overload release. This spring cushion is built into the driving 
sprocket and is mounted on the head shaft. This not only absorbs 
the shock, but when the teeth come in contact with large stones and 
other obstructions, in the trench, the springs compress and the 
driving machinery is released and the bucket line stops. The 
machine then can be stopped by means of the master clutch and in 
doing this the overload device immediately returns to a working 
position. If the operator does not step on the clutch the ditcher 
pulls again at the obstruction each half revolution of the head shaft 
and either loosens it or instantly releases. This action can be 
continued as long as the operator wishes to pick away at the obstruc- 
tion. This safety device not only protects the machine, but also 
eliminates the breakage of pipes thich may be buried underground. 
The driving power of the device may be changed by increasing or 
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decreasing the tension on the springs and it is sometimes advisable 
to vary these due to different digging conditions. 

The ideal ditcher should be designed so that it will leave a minimum 
amount of work to be done by hand when meeting obstructions. In 
city work this is frequently quite important. In a line parallel to 
the curbing, cross pipes may be encountered at regular intervals: 
and there are also stones and cross-walks. The ditcher should be 
designed so that it will meet an obstruction without injury to the 
machine or without injury to a pipe, if it is encountered. The dig- 
ging element must be arranged to rise over this obstruction and 
lower again to the proper depth, leaving the smallest possible amount 
of material to be excavated by hand. Many of the small machines 
today are used to dig house connections. Of course it is an advantage 
to be able to start close to the house and the machine should also 
have a very low bearing pressure per square inch of crawler surface. 

The need of a small trench machine is much more apparent today 
than it was several years ago. Then all mains were placed in the 
roadway, but today many engineers are recommending that they 
be put in parkways or alleys. When this practice is followed the 
small machine is the answer for excavating the ditch. There is also 
another factor which influences us to consider the small machine and 
that is the shortage of common labor. A small trench machine will 
do the work of 30 to 50 men. 

The small machine was originally designed for city conditions, 
but is able to give a very good account of itself on long distance cross 
country work where the machine is quite often operated twenty-four 
hours per day and where dependability is a matter of prime impor- 
tance. Small ditchers today are digging oil and gas line trenches as 
rapidly and more cheaply than heavier ditchers. 


THE COST OF TRENCH DIGGING 


Having considered the general specifications of a small trench 
machine, we are prepared to analyze the cost of digging ditches. 
Results submitted by scores of users indicate a wide variety of 
methods in securing costs. For example, in the matter of deprecia- 
tion, one contractor insists on writing off the whole cost of the 
ditcher on his first job. Occasionally a public utilities company will 
take the opposite extreme and figure a fifteen-year life. Perhaps 
an average of these two is a fair depreciation and may be taken as 
five years. 
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In the item, interest on the investment, there is not much varia- 
tion. Four per cent of the purchase price extending over the life 
of the machine is close enough for practical purposes. 

Repairs may be determined with some accuracy by examining 
records for previous years, but any estimate for the coming season 
is at the best merely a guess. It is possible, however, to determine 
some sort of an average from various reports which have been turned 
in by the owners of small machines. Expressed in a percentage of 
the purchase price, this can be used in estimating the cost of future 
work, assuming that no serious accidents will be encountered which 
will run the repairs beyond the average. This item should include 
the cost of all parts purchased, the cost of machine shop work, the 
cost of work by mechanic other than the operator, and even the 
cost of the operator’s time when the work is done between jobs. 
This item should not include the operator’s time for making ordinary 
adjustments or replacement of parts on the job because his time will 
be shown straight through as part of the operating expense. As 
nearly as can be estimated the repairs on a small machine, including 
the digging teeth, may be expected to run from 8 to 14 per cent of 
the purchase price. 

An estimate based on a five-year life and 6 per cent interest on 
the investment, including repairs of say 12 per cent, will figure 
about $15.00 per day. This can be said to represent the overhead 
expense of operating a small machine. Daily operating expense, of 
course, may be determined quite exactly, using the operator’s wages, 
plus gasoline and lubricating oil. In many conditions a helper will 
increase the amount of ditch dug per day sufficiently to pay his 
wages many times over. Gasoline consumed will vary from 1 to 2.5 
gallons per hour and oil and grease might be said to be a dollar a day. 
This is very liberal and from these you will find that the total operat- 
ing charge per day will be about $10.00 or possibly a little higher, if 
you use a helper. This makes the total cost for operating a small 
machine about $25.00 or possibly $30.00 per day. 

In reducing these figures to a cost per foot basis, the most important 
item, of course, is the amount dug per day. This may vary through 
a very wide range. The amount of ditch dug per day may be limited 
by the laying of pipe, or the amount dug will also vary due to the 
material. For example, 400 feet in a caliche formation might be 
considered a good day’s work, whereas 6000 feet a day of top soil 
is possible where the digging is easy and only 30 inches deep. Be- 
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decreasing the tension on the springs and it is sometimes advisable 
to vary these due to different digging conditions. 

The ideal ditcher should be designed so that it will leave a minimum 
amount of work to be done by hand when meeting obstructions. In 
city work this is frequently quite important. In a line parallel to 
the curbing, cross pipes may be encountered at regular intervals: 
and there are also stones and cross-walks. The ditcher should be 
designed so that it will meet an obstruction without injury to the 
machine or without injury to a pipe, if it is encountered. The dig- 
ging element must be arranged to rise over this obstruction and 
lower again to the proper depth, leaving the smallest possible amount 
of material to be excavated by hand. Many of the small machines 
today are used to dig house connections. Of course it is an advantage 
to be able to start close to the house and the machine should also 
have a very low bearing pressure per square inch of crawler surface. 

The need of a small trench machine is much more apparent today 
than it was several years ago. Then all mains were placed in the 
roadway, but today many engineers are recommending that they 
be put in parkways or alleys. When this practice is followed the 
small machine is the answer for excavating the ditch. There is also 
another factor which influences us to consider the small machine and 
that is the shortage of common labor. A small trench machine will 
do the work of 30 to 50 men. 

The small machine was originally designed for city conditions, 
but is able to give a very good account of itself on long distance cross 
country work where the machine is quite often operated twenty-four 
hours per day and where dependability is a matter of prime impor- 
tance. Small ditchers today are digging oil and gas line trenches as 
rapidly and more cheaply than heavier ditchers. 


THE COST OF TRENCH DIGGING 


Having considered the general specifications of a small trench 
machine, we are prepared to analyze the cost of digging ditches. 
Results submitted by scores of users indicate a wide variety of 
methods in securing costs. For example, in the matter of deprécia- 
tion, one contractor insists on writing off the whole cost of the 
ditcher on his first job. Occasionally a public utilities company will 
take the opposite extreme and figure a fifteen-year life. Perhaps 
an average of these two is a fair depreciation and may be taken as 
five years. 
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In the item, interest on the investment, there is not much varia- 
tion. Four per cent of the purchase price extending over the life 
of the machine is close enough for practical purposes. 

Repairs may be determined with some accuracy by examining 
records for previous years, but any estimate for the coming season 
is at the best merely a guess. It is possible, however, to determine 
some sort of an average from various reports which have been turned 
in by the owners of small machines. Expressed in a percentage of 
the purchase price, this can be used in estimating the cost of future 
work, assuming that no serious accidents will be encountered which 
will run the repairs beyond the average. This item should include 
the cost of all parts purchased, the cost of machine shop work, the 
cost of work by mechanic other than the operator, and even the 
cost of the operator’s time when the work is done between jobs. 
This item should not include the operator’s time for making ordinary 
adjustments or replacement of parts on the job because his time will 
be shown straight through as part of the operating expense. As 
nearly as can be estimated the repairs on a small machine, including 
the digging teeth, may be expected to run from 8 to 14 per cent of 
the purchase price. 

An estimate based on a five-year life and 6 per cent interest on 
the investment, including repairs of say 12 per cent, will figure 
about $15.00 per day. This can be said to represent the overhead 
expense of operating a small machine. Daily operating expense, of 
course, may be determined quite exactly, using the operator’s wages, 
plus gasoline and lubricating oil. In many conditions a helper will 
increase the amount of ditch dug per day sufficiently to pay his 
wages many times over. Gasoline consumed will vary from 1 to 2.5 
gallons per hour and oil and grease might be said to be a dollar a day. 
This is very liberal and from these you will find that the total operat- 
ing charge per day will be about $10.00 or possibly a little higher, if 
you use a helper. This makes the total cost for operating a small 
machine about $25.00 or possibly $30.00 per day. 

In reducing these figures to a cost per foot basis, the most important 
itent, of course, is the amount dug per day. This may vary through 
a very wide range. The amount of ditch dug per day may be limited 
by the laying of pipe, or the amount dug will also vary due to the 
material. For example, 400 feet in a caliche formation might be 
considered a good day’s work, whereas 6000 feet a day of top soil 
is possible where the digging is easy and only 30 inches deep. Be- 
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tween these two extremes there is such a variety of widths, depths, 
and conditions of soil that an expert would have to be called in, 
if it was desired to have a fairly close estimate of cost in advance. 
Even then there may be a large discrepancy between the estimate and 
the actual cost due to the difficulty of determining the conditions 
underground. 

_ After varying the different factors to meet your own conditions 
you may at the worst decide that it costs $35.00 per day to operate 
a small machine. Assuming that you cut only 500 feet per day the 
cost would be 7 cents per foot. After checking this up with actual 
cost records submitted by various water companies we find a fairly 
close relation. 

One machine working in San Antonio cut a ditch at a cost of 5 
cents per foot. This was in a particularly hard formation, which, 
even with cheap Mexican labor, hand work, cost 40 cents per foot. 

A Houston ditch, 21 inches by 53 feet cost 7 cents per foot. Other 
examples follow: 


Oakland, Cal.......... 18 inches by 3} feet cut for 4} cents per foot 
oS || re 18 inches by 4} feet cut for 4} cents per foot 
Shreveport, La........ 18 inches by 5} feet cut for 5} cents per foot 


Norman, Okla., paid for a machine in cutting 34,000 feet. It 
charged 10 cents per foot for all work and the machine had paid for 
itself the second year. They also did work for the sewer department, 
gas company and telephone company. 

The City of Thomasville, Ga., reports cost as low as 2? cents 
average for water and 43 cents per foot for sewer ditch. 

Converting lineal foot cost to cost per cubic yard will no doubt 
interest you. Some of our records on cross country work show 
5 cents per yard, but of course this is an extreme. Again records 
show costs as high as $1.16 per yard, but one might assume some- 
thing was wrong here. After checking a large number of records 
and omitting from our summary those that were incomplete, the 
cost is about 25 cents per cubic yard of excavation. 


RESULTS OBTAINED 


Whether or not users, in figuring the probable cost of work in ad- 
vance, follow the percentages and unit costs outlined above we do 
not know, but certainly reports which come to us indicate that in 
figuring the cost of jobs after completion of the work these users 
deviate quite markedly. 
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In the matter of interest, we find that users are quite likely to 
figure 6, 7, or 8 per cent of the total purchase price, at least for the 
first year, instead of taking an average over the life of the machine 
and figuring 4 per cent on the purchase price. 

The total overhead as reported to us by the various customers 
shows very little variation, running from $10.30 to $12.20 per day, 
with the exception of one user who has placed a heavy depreciation 
against a seventy-day job. This makes the overhead total $19.16 
per day. 

Under the heading of operating expense, results of four users 
agree very closely, varying from $7.16 to $8.09 per day. Two other 
users show $12.65 and $12.91 per day. In one of these cases we 
know that the high rate is due to the fact that the operator and 
helper have been permitted to remain idle when the machine was not 
digging or, in case they were put on other work, their pay was still 


charged against the ditching job. Figures that we have indicate ° 


that on city work the ditchers are idle about one-third of the time 
waiting for the pipe-laying gang to catch up with it or for other 
reasons not traceable to the machine. Some users state that under 
such conditions the operator and helper have definite jobs to which 
they return until the machine is again needed. 

In one case the operating expense is shown as $20.80, which may 
be due partly to charging idle time of the operator and helper against 
the machine and is also due to a rather excessive moving charge 
which we take to be the time of a truck and trailer moving the 
ditcher from one job to another. 

In spite of these few discrepancies in the method of figuring 
costs, it happens that, in two of the three cases, the jobs showing 
the largest charges per day also show the largest average distance 
dug per day so that the costs per foot of trench are not far out of 
line. In fact, the job which shows $12.65 per day operating expense 
shows the lowest cost per foot, namely 3.8 cents. The costs vary 
from this figure to 8.1 cents. This is a job averaging only 3 feet 
8 inches deep, but the digging is described as very hard. 

A tabulation of costs is appended in table 1. While most com- 
panies are willing to discuss matters of this kind with individuals 
they are not willing to have their figures broadcast. Therefore 
in this tabulation we give only key numbers, but the Barber-Greene 
Company will be glad to furnish names on request. 
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ELECTROLYTIC CORROSION PREVENTION OF 
CONDENSER TUBE CORROSIVES! 


By F. G. 


The subsequent explanations of the theory of corrosions are mainly 
obtained from the works of Frank N. Speller, “Corrosion, Causes 
and Prevention,” and Ulick R. Evans, ‘““The Corrosion of Metals.” 

Corrosion may be broadly defined as the chemical action of certain 
external agencies on metals, which causes their deterioration or 
destruction. Thus metal tends to convert to more stable combina- 
tions of which metal ores are familiar examples. 


THE ELECTROCHEMICAL THEORY OF CORROSION 


This theory is now generally accepted as the one which best 
explains the facts that are established about corrosion. All metals, 
when placed in contact with a solution, have a definite, inherent 
tendency to go into solution. The element can enter solution only 
by displacing some other element already in solution. For instance, 
a piece of iron placed in a copper sulphate solution will dissolve, but 
at the same time copper is plated out and appears on the surface of the 
iron. In the ordinary case of most metals immersed in water, 
hydrogen is the element plated out. The hydrogen gathers on the 
surface of the metal in the form of a thin invisible film. The presence 
of this film tends to obstruct the progress of reaction by insulating 
the metal from the solution. Thus the first stage of corrosion may 
come to a stop before any visible damage can be done. In order that 
the corrosion may proceed, the film of hydrogen must be removed. 
This can happen in two ways—either it may be combined with 
oxygen in solution to form water, or the hydrogen may escape as 
gaseous hydrogen. Dissolved oxygen is usually present in water 
solution. The process of corrosion is therefore free to continue, if 


1 Presented before the Boiler Feed Water Committee Sessions, San Fran- 
cisco Convention, June 12, 1928. 

* Superintendent, Steam Generation Department, Southern California 
Edison Company, Los Angeles, Calif. 
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nothing else interferes, with the rate at which this oxygen com- 
bines with the hydrogen to form water. In acids the same reaction 
takes place, and in addition the tendency for hydrogen to plate out 
is much greater. The corrosion is therefore generally more active 
in acid solutions. 

Dissimilar metals in contact with each other or with electrically 
conductive material in solution, tend to accelerate corrosion. This 
action is indicated by an electric current which flows through the 
solution from the more corrodible to the less corrodible material. 
The more corrodible metal is the anode. The less corrodible metal 
is the cathode. The current flows in the liquid from the anode to the 
cathode and is returned through the metal contacts to the anode 
(figure 1). The anode is corroded. Hydrogen gas is evolved at the 
cathode. This combination is really a galvanic battery, producing 
current by dissolution of the metal at the anode. 


CLASSIFICATION OF PRIMARY FACTORS TENDING TO CORROSION 


Mr. Frank N. Speller has classified the primary factors which 
indicate the tendency of corrosion to proceed, as follows: 

1. As applying to anodic reaction, or to reactions which occur only 
at the anode. 

a. The normal potential of the metal or solution pressure. 

b. The concentration of metal ions in contact with the metal 
surface. 

2. As applying to cathodic reactions, or reactions which occur only 
at the cathode. 

a. The hydrogen ion concentration of the solution in contact with 
the metal. 

b. The normal potential of hydrogen. 

1. a. The normal solution pressure of the metal is an inherent 
quality which indicates its tendency to dissolve with the formation of 
ions, or electrically charged atoms. It depends, of course, upon the 
solution in which the metal isimmersed. This solution pressure may 
be found by determining the opposite electric potential which will 
prevent the metal from going into solution. The pressures have 
been determined for all elements in a standard solution, and tab- 
ulated in a series according to the potential values. This series, 
which is called the electrochemical series, gives an indication of which 
metal of a bimetallic combination will corrode. Corrosion will 
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occur at the metal with the lowest solution pressure. Some of the 
more common elements may be listed in the order of decreasing 
solution pressure, as follows: gold, silver, copper, hydrogen, iron 
(ferric), tin, lead, nickel, iron (ferrous), zinc. Thus, in an iron and 
copper cell, the iron will corrode (anodic) and the copper will be 
cathode with evolution of gas. But by application of external 
current, as from a storage battery, these normal solution potentials 


KGalvanomefer indicating current Battery 
| | = | 

Anode Cathode Cathode Anode 
Cell formed by zinc and iron Direction of current reversed 
immersed in a liquid.Corrosion by battery. Corrosion occurs 
occurs on the zine plate. on the iron plate. 


Fig. 1. Corrosion or DisstmiILAR MeTALs IMMERSED IN A LIQUID 


can easily be overshadowed, and the reaction speeded up or driven 
in the opposite direction (figure 1). 

b. The concentration of metal ions in the solution. The corroding 
metal sends metal ions into the solution, and these ions tend to 
decrease the rate of corrosion by developing a back pressure, lowering 
the effective solution potential. 

2. a. The hydrogen ion concentration (acidity) of the solution in 
contact with the metal surface. The pressure of hydrogen ions. in 
high concentration makes the disposition of atomic hydrogen easy. 
The tendency for corrosion increases therefore with the hydrogen 
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ion concentration at the cathode. This is the opposite of the effect 
of metal ion concentration at the anode, as noted above. 

b. The normal potential of hydrogen. When brought.in contact 
with a solution, gaseous hydrogen exerts a solution pressure like 
that of a metal. This pressure opposes the plating out of hydrogen, 
or, in other words, opposes the continuance of corrosion. 

When hydrogen is present as a gas with bubbles being evolved 
during corrosion overvoltage is an important factor. This over- 
voltage is an added resistance which must be overcome before the 
bubbles can form. If it were not for overvoltage, iron immersed in 
neutral water would continuously evolve hydrogen bubbles, and 
corrode rapidly. The overvoltage is a characteristic of the various 
metals. The higher overvoltage a metal has, the more difficult it is 
toremove the hydrogen as gas bubbles. 

The other method of removing the hydrogen is by oxidation, as has 
been mentioned before. If the atomic hydrogen is being oxidized by 
dissolved oxygen, the solution potential is much reduced. This 
means that there is less opposition to the plating out of hydrogen, and 
that tendency for corrosion is accelerated. 


LOCALIZED CORROSION 


It is not necessary to have two dissimilar metals in contact in 
order to have corrosion by galvanic action. According to the electro- 
chemical theory all corrosion is caused by galvanic action, and is 
originated when two parts in electrical contact (whether on the same 
piece of metal or not) have difference in potential so that a current is 
started. As long as corrosion lasts, this current is maintained by 
the corroding part going into solution. The process may be accel- 
erated or reversed by current from outside source. 

Localized corrosion may be brought about by solution of different 
substances (acids, bases, salts, or gases) in contact with adjoining 
parts of the same metallic surface, or by two solutions of a single 
substance which vary in concentration. When a metal is in contact 
with two solutions of the same salt but of different concentrations, a 
current flows from the metal in contact with the more dilute solution 
through the solution to the metal in contact with the more concen- 
trated sulution. In other words, the metal in contact with the more 
dilute solution is anodic and will corrode. 
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DIFFERENTIAL AERATION 


The effect of varying concentration of dissolved oxygen in contact 
with the metal surface has been studied by many investigators, 
particularly Evans. 

If a metal rod is submerged vertically in a solution, the part just 
under the water will be cathodic, and the end at the bottom will be 
anodic and corrode. This is explained by differential aeration. The 
part which is least exposed to air will corrode. Similarly rust and 
other substances, which shield the underlying areas from contact with 
oxygen, render these areas anodic with respect to the surrounding 
surface and accelerates a corrosion already started. If a surface has 
become pitted from corrosion, the tendency is therefore for these pits 
toincrease. Firstly, because the bottom of the cavity is covered by 
a solution of a different concentration from that of the surrounding 
metal surface, and secondly, on account of differential aeration. The 
former may tend to deepen the pit or create another, the latter will 
deepen the pit which already exists. 


EFFECT OF STIRRING—TURBULENT FLOW 


Agitation affects the localization differently, depending upon the 
amount of oxygen in the solution. Portions of the metal surface in 
contact with solution in motion tends to make the area anodic. 
Presence of oxygen (as mentioned above) tends to make the surface 
cathodic. Whichever influence is the strongest will have the most 
effect. On iron, the presence of oxygen will predominate, and 
stirring will not materially change the potential, but on copper, and 
copper alloys, the effect of motion is stronger than the effect of 
differential deaeration. Copper isa more “noble” metal, and is more 
influenced by the metal ion concentration in the quiet liquid film at 
its surface than the more soluble iron. The metal ions are removed 
by stirring and the back pressure decreased which will increase 
corrosion. High velocity and turbulent flow (which also causes 
differential aeration) are therefore very harmful to copper and copper 
alloys. 


SOLUBILITY OF OXYGEN IN WATER 


The rate at which oxygen dissolves in water from the air is in- 
fluenced mainly by the oxygen solubility, the degree of saturation of 
the solution, and the agitation of the water surface. As oxygen is 
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more soluble than other gases in the air, it will amount to 35 per cent 
by volume of the dissolved gases from the air, as against 21 per cent of 
the gases in the air. The rate of oxygen solution in the water 
depends on the actual concentration of the solution. It will be 
greatest when there is no oxygen in the solution, and zero when the 
solution is saturated. 


CORROSION IN ABSENCE OF OXYGEN 


There are cases where corrosion takes place, with evolution of 
hydrogen, in the absence of oxygen, even in neutral or slightly 
alkaline waters. Pure iron corrodes very slowly in the absence of 
oxygen, while the rate is much greater with impure iron, such as cast 
iron. The graphite in cast iron forms cathodes from which hydrogen 
gas can escape (due to low overvoltage of graphite) in the absence of 
oxygen. Corrosion can take place in the absence of oxygen only by 
evolution of hydrogen bubbles. 


PROTECTIVE FILMS 


In general, where the anodic reaction leads to the formation of 
soluble salts of the anode metal, there is nothing which will inter- 
fere seriously with the corrosion. ' 

If the corrosion product on the anodic surface is an insoluble salt, 
this cover may act as a protective film, and considerably retard 
corrosion. This film may, on some metals, be only a few molecules 
thick, invisible to the microscope. 

In order to be protective the film must also be adherent and 
continuous. It must not be porous and have no cracks. Copper 
oxide, for instance, occupies a larger volume than copper, and forms 
an effective protection. The corrosion decreases as the oxide film 
increases. While protective films thus may greatly influence the 
rate of corrosion, they do not affect the tendency to corrode as 
explained by the electro-chemical theory.. 


ALLOYS USED FOR CONDENSER TUBES 


Condenser tubes are usually made of 70 per cent copper and 30 
per cent zinc. This alloy, when annealed, is homogeneous. For 
some purposes a brass containing 60 per cent copper and 40 per cent 
zincisemployed. Thisis Muntz metal, generally used in fresh water. 
For the purpose of making the corrosion product more adherent, and 
therefore more protective, 1 per cent tin or 2 per cent lead is added 
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to these alloys. The Admirality brass, commonly used with ocean 
water, has 70 per cent copper, 29 per cent zine and | per cent tin. 
An alloy which has given good results in England, has 62 per cent 
copper and 38 per cent zinc. 


CLASSIFICATION OF CONDENSER TUBE FAILURES 


With some knowledge of the fundamental causes of corrosion as 
explained by the electro-chemical theory, a classification of the more 
common causes of condenser tube failures may be made, as follows: 

1. Dezincification. Dezincification is an anodic attack on brass, 
whereby both the copper and zine pass into solution and the copper is 
redeposited. This is fairly well proven by the fact that the potential 
required to cause anodic attack is similar to that needed for attack on 
copper, and brass contains 70 per cent copper. If dezincification had 
consisted in removal of zine alone, a potential requirement near that 
of pure zine would be expected. 

a. Dezincification of the localized type. It is characterized by 
specks of white or greenish substance, which is mainly zine oxy- 
chloride. Red areas of spongy copper are found under these specks, 
and the porous formation may extend clear through the thickness of . 
the tube and form a “plug.”’ This type of corrosion appears to be 
favored by the presence of foreign bodies, such as shells or coke. It 
is considered in most cases to be due to production of currents set up 
between the unchanged brass and the copper of the corrosion product. 
The corrosion may be started by any of the several causes of differ- 
ence in potential, such as difference in concentration of salt deposits, 


‘differential aeration, etc. If the corrosion product is compact, it will 


shield the brass from deep seated attack. The reason for the supe- 
riority of brasses containing lead or tin is thought to depend on the 
fact that they give an insoluble corrosion product filling up the 
pores of the porous copper. 

b. Dezincification of the layer type. This is characterized by the 
formation of a layer of copper over the surface of the tube. The 
solution of brass and subsequent redeposition of metallic copper is 
thought to be favored by acid in the water, by action of electric 
currents, and by high temperatures. 

2. Deposit attack. This type is localized and therefore serious. It 
is connected with deposit in the tube of any foreign material, such 
as shell, coke, seaweed or sand, and is usually produced in places, 
where the foreign material settles down. It is most common at the 
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inlet end and bottom half of the tube. The corrosion is the result of 
electrolysis under the influence of local current. The E.M.F. de- 
pends on the difference in potential between the surrounding metal 
and the metal covered with the deposit. It might also be that certain 
corrosion products, which would otherwise be swept away by the 
waterflow, are entrapped by the foreign body and stimulate further 
corrosion. In any case, a local current is set up. 

3. Water line attack. Thisacts similar to the deposit attack, but is 

-confined to the inlet end of the tubes and caused by air in the water. 
The air bubbles are believed to cling to the walls, or a permanent 
air space may exist at the inlet end of the tubes. 

4. Differential aeration—wet and dry patches. It is very likely that 
corrosion often starts when the condenser is drained, in the presence 
of dirt in the tube. When the condenser is drained, and the water 
stagnant, in the tubes, the foreign matter may settle on the bottom 
and cause differential aeration cells, the unaerated electrode being 
the anode. Copper salts are produced at the bottom of the stagnant 
pools. When the condenser again is filled, the copper salts may 
interact with the unchanged brass, yielding metallic copper. If 
this copper is porous it will act as cathode to the unaerated brass 
underneath and the corrosion will continue. 

5. General thinning. All tubes become gradually thinner with use. 
In most cases, this is not serious. However, in strongly acid or 
ammoniacal waters the rate has been known to be rapid. 


PREVENTION OF CORROSION IN CONDENSER TUBES 


It is probable that the designer of a condenser can do as much to 
prevent corrosion, as either the operator or the manufacturer. Every 
endeavor should be made to produce uniformity of flow over all points 
on the tube surface. The non-uniform flow which occurs through the 
tubes causes trouble in several ways. Currents are set up due to 
cells of the unequal velocity type. It might remove protective 
scale in one place and leave it in another, again setting up local 
current. It might cause air bubbles to impinge on the surface. 

Properly designed waterbox and gradual change of flow at tube 
inlets are of value in this respect. Also low condenser tube velocities. 

The manufacturer can contribute by making a uniform, close 
grained alloy, properly annealed. If the brass is not uniform, local 
corrosive currents are certain to appear. A protective scale on the 
interior of the tube surface may be put on before the tubes enter 
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service. It is thought that pickling in seawater before installation 
might be of value to create a protective film. 

The operator can also do a great deal to prolong the life of his 
tubes. 

Frequent cleaning of tubes to pre vent secumulation of foreign 
bodies are of great importance. 

The modern electro-chemical system for protection of the con- 
densers is largely the work of Cumberland. The tubes are made 
cathodes of an electrolytic cell by being connected to the negative 
pole of a generator having a suitable E.M.F. (6 to 10 volts generally 
sufficient). The anodes are blocks of cast iron placed in the waterbox 
and carefully insulated from it. When current is flowing, the surface 
of each of the tubes is cathodic, the object being to prevent the 
passage of copper and zinc from the metallic to the ionic condition. 
This protective system appears to be distinctly helpful as long as 
corrosion has not started when the system is installed. It will not 
put a stop to corrosion which has already started, nor will it prevent 
formation of corrosion due to deposit attack, waterline attack, 
eddy-currents, turbulent flow, differential aeration or other com- 
mon causes of condenser tube corrosion. Whether it is possible to 
design a protective system efficient enough to exclude local corrosion 
entirely is not known. 

The main value of the system lies in the fact that it prevents 
attack from outside stray currents, which is a very common source of 
trouble in ships and central power stations. Installation of an 
electrolytic protective system does not, as a rule, prevent the effects of 
poor design or careless operation. 

Electrolytic protection is more efficient in short than in long 
condensers, where difficulty is had in obtaining sufficient current 
density in the center of the tubes. In general, the current density 
should be 2.5 to 5 amperes per 1000 square feet of cooling surface. 


CORROSION PROBLEMS OF CONDENSERS IN LONG BEACH STEAM 
PLANT NO. 2 


General description of condensers 


The Long Beach Steam Plant No. 2 has three turbo-generators 
which are numbered Nos. 7, 8 and 9 respectively. Nos. 7 and 8 units 
are alike. They have a rated capacity of 35,000 kw. each, with a 
55,000 square feet two-pass condenser of 10,504 tubes, 5,252 tubes 
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in each pass. The tubes are 20 feet 3 inches long, 1 inch outside 
diameter, No. 16 B.W.G. The active tube length inside the tube 


Fig. 2. INLET or TuBEs No. 9 ConpDENSER 


sheets is 20 feet. The tubes are packed in each end with metallic 
packing, having a fibre ring on each side, and held in place by ferrules. 
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No. 9 unit has a rated capacity of 52,800 kw. with a 75,000 square 
feet two-pass condenser of 14,300 tubes; 7,068 tubes in the first pass 
and 7,232 tubes in the second. The tubes are 20 feet 7 inches long, 
1 inch outside diameter, No. 16 B.W.G. They are rolled in the inlet 
end and packed in the outlet end with metallic packing and ferrules, 
similar to the tubes in Nos. 7 and 8 condensers. The inlet end is 
belled, as shown in figure 2, and projects 43 inches outside the tube 
sheet. This is done to prevent condenser leakage in case the inlet 
end should be attacked by corrosion. The active length between the 
tube sheets is 20 feet. 


Fig. 3. PHOTOMICROGRAPH OF ADMIRALTY BRASS 


All three condensers were manufactured by the Westinghouse 
Electric and Manufacturing Company, and are of the radial flow 
type. The steam enters the tube bundle radially and flows toward 
the center, where the air and uncondensed vapors are removed. 


Corrosion in Nos. 7 and 8 condensers 


As these condensers are alike, and have developed similar cases of 
corrosion, they are treated together in the following paragraphs: _ 
The tubes of Nos. 7 and 8 condensers are manufactured by the 
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- Scovill Manufacturing Company of admirality brass. A sample 
from No. 7 condenser had the following analysis: copper, 71.5 per 
cent, zinc, 27.1 per cent and tin, 1.4 per cent. A photomicrograph 
of admirality brass is shown in figure 3. The brass has been 
etched with ammonium peroxide and shows an average grain size of 
0.032 mm. 


Long nozzle in use on Nos. Tand 8 condensers at present 


Belled inlet end on No. 9. condenser tubes 1 
All tubes 1°0.D. No.16 B.W.G.-.87° 1.0. 


Fig. 4. InLet ENps or ConDENSER TUBES 
The condensers were originally built with a short entrance nozzle 
inserted in the inlet end of each tube. This nozzle, which is shown 
in figure 4, fits inside the condenser tube and has a belled inlet end 
to reduce the entrance losses. The downstream end of the nozzle is 
bevelled off to a sharp edge, giving a smooth change of flow to the 
tube. The nozzle is of brass. 


nie 

ae Original short nozzle used on Nos. Zand 8 condensers 
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No. 7 unit was placed in operation November, 1924, and No. 8 
unit on January, 1925. Very soon tube leaks began to develop in 
both condensers. In the first six months a total of ten tubes were 
plugged in No. 7 condenser, and two in No. 8 condenser. The leaks 
were not confined to any particular spot, but most of them occurred 
in the first pass. On inspection it was found that the downstream 
edges of the entrance nozzles had been distorted by driving the 
nozzles in place. The burred edges created eddy currents, which 


Fig. 5. INLET oF TuBE FROM No. 7 ConDENSER, Row 99 From Top, TuBE 11 
FROM ‘‘Keystone”’ East Bottom. ReEMovEeD Marcu 7, 1928. 
SANDBLASTED 


Fic. 6. INLET ENp or TuBE FROM No. 7 ConDENSER, Row 97 From Top, 
TuBE 24 From West, West Bottom. ror Leaks Marcu 20, 1928. 
REMOVED FOR INSPECTION Marcu 31, 1928 


were instrumental in pitting the tubes. These pits may be seen on 
photographs, figures 5 and 6, from tubes, which were removed later. 
They start about linch from theinlet end. All entrance nozzles were 
pulled out after about six months service, in the summer of 1925, 
and replaced by longer ones in March and April, 1926. The long 
nozzle, known by the trade name “Flowrite’”’ is shown in figure 4. 
It has the same diameter as the short ones, but is 8 inches long, and 
was inserted 4} inches into the tubes, sufficient to cover the pits 
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started by the short nozzles. The downstream edge was rolled tight 
against the tube walls, preventing any danger of eddy currents and 
of continued corrosion of the pits started by the short nozzles. The 
long nozzles stand up well, and the corrosion at the downstream 
edge is slight. Referring again to figures 5 and 6, the extent of 
protection afforded by the long nozzle may be observed. Figure 5 
is a sand-blasted tube, and figure 6 is a tube which had been plugged 
up by a shell, so that marine growth had started in the tube. Both 
tubes were removed in March, 1928. They have had short nozzles 


Fic. 7. Worn rrom Row 75, East Bottom No. 8 
CONDENSER. INSTALLED SEPTEMBER, 1926. REMOVED 
NOVEMBER 1, 1927 


in service for six months and long nozzles in service for two years. 
Both tubes are from the first pass No. 7 condenser. , 
The downstream nozzle edges wear out after about six months 
_service in the first pass and ten to twelve months in the second pass. 
The worn nozzles are then cut } inch shorter, a new edge reamed, 
and the nozzles reinserted 3 inch further into the tube. At that rate 
the average life of a nozzle should be three to four years. A picture 
of worn flowrite nozzle edges is given in figure 7. Another picture of 
nozzle corrosion is given in figure 8. The bottom part is shown and 
the corrosion is probably formed by differential aeration in stagnant 
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water after the condenser has been drained. Although this sample 
shows an extreme condition, by no means typical, it gives a good 
indication of what frequent draining and idle periods will do. If a 
condenser is going to be idle for an extended period it is good practice 


Fig. 8. FLowrite NozzLte Corrosion, From Row 75, East Bottom No. 8 
CONDENSER. NozzLeE INSTALLED SEPTEMBER, 1626. REMOVED 
NOVEMBER 1, 1927 


Fig. 9. TuBE LEAK FROM SAME TUBE AS SHOWN IN FiGuRE 5 


to clean out all deposits and use fresh water in doing so. This will 
greatly reduce the danger of differential aeration and of corrosive 
current due to wet and dry patches with different concentration of 
salt deposits. 

After the removal of the short nozzles, and before the long ones 
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were installed, No. 7 condenser had three leaks, and No. 8 one tbeu 
leak in 1925. In 1926 the two condensers had two and one leak, 
respectively; in 1927 No. 8 had one leak, and in 1928 No. 7 has had 
five leaks to date. The total number of tube leaks over three and 
one-half years service is 20 in No. 7 condenser and 5 in No. 8 con- 
denser. 


TABLE 1 
Chemical analysis of tube deposits—results in per cent 
SUBSTANCE BLACK GREEN BROWN 
Moisture (loss at 105°C.)............. §.1 5.3 6.7 
Organic and volatile matter. ......... 12.3 19.0 25.3 
Insoluble matter (silica, etc.)......... 1.9 8.1 117 
3.1 241 13.8 
0.9 0.6 1.4 
ee 0.4 3.2 2.3 
TABLE 2 


Chemical analysis of tube deposits. Dry basis. Exclusive of inorganic 
and volatile matter 


Results in per cent 


SUBSTANCE BLACK GREEN BROWN 

Insoluble matter (silica, etc)......... 2.6 13.1 18.1 
73.3 33.9 34.1 
100.0 100.0 100.0 


The last tube leak found in No. 7 condenser is shown in figure 9 
from the same tube pictured in figure 6. It is a typical result ‘of 
“deposit attack.” This tube had been plugged by shells, and pitting 
occurred under several of these shells. The corrosion is caused by a 
local current formed by difference in potential between the metal 
covered by the shell and the surrounding metal. 
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Tube deposits 


The deposits on the inside and outside of the tubes have been 
measured and analyzed. The inside of the tube is covered by a 
green, hard scale, over this scale is a deposit of brown coating, much 


Water Side 


Tube tf, 


0.00005" Black Deposit 


Steam’ Side 


Fig. 10. Deposits oN CONDENSER TUBES 


softer, which is slimy when wet and brittle when dry. The outside 
of the tubes have black covering, that looks and feels like soot. 
Chemical analysis of these deposits are given in table 1. 

The green scale is a mixture of hydroxides, oxy-chlorides and basic 
carbonates of copper and zinc, together with some calcium sulphate 
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and oxide or hydroxide of iron, silica and organic matter. The brown 
deposit is very similar to the green deposit, except for the large 
percentage of iron (ferric hydroxide from the electrolytic protective 
system) which gives it a brown color. The black deposit on the tube 
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Fig. 11. ELecrrope 


outside is mainly copper and zine from the tube itself, and contains 
a certain amount of organic matter, probably oil. The deposit 
analyses are recalculated on a dry basis in table 2. It will be seen 
that the largest part of the scale is copper and zine. It might be 
assumed that the brown deposit would contain a large quantity of 
sand and silt. However, according to the analysis this is not so. 
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The content of silica and organic matter is not much different in the 
green from the brown deposit. The principal content of the green 
deposit is copper and zine, and of the brown deposit, copper and 
iron. The green scale is hard and compact, and seems to act as a 
protective against further corrosion. This is borne out by the fact 
that although the scale undoubtedly is a corrosion product, the 
general thinning of the tubes is very small indeed. A tube from 
No. 7 condenser which had been in service nearly three and one-half 
years had a wall thickness of 0.068 inch. A tube from No. 9 con- 
denser, which had been in service one and three-fourth years averaged 
the same thickness. The nominal thickness of No. 16 B.W.G. is 
0.065 inch. The purpose of the 1 per cent tin in admirality brass is 
just that, to give a compact product of corrosion. Although the 
analysis does not show it, there is no doubt some tin in the green 
scale. Unfortunately, the green scale has a poor coefficient of heat 
transfer, although better than the brown deposit. The actual 
values have not been measured, but the obtainable vacuum gives a 
good indication. By washing the condenser with high pressure water 
or cleaning with new, tight fitting rubber plugs, all the brown deposit 
is removed but not the green scale—the vacuum can be brought to 
within 0.2 to 0.15 inch of the vacuum for a new condenser. By 
sand-blasting, where at least 50 per cent of the green scale also is 
removed, the vacuum may be improved to 0.1 to 0.05 inch within the 
vacuum for a new condenser. That part of the green scale which 
has been removed by sand-blasting has consequently improved the 
vacuum 0.linch. It is true that sand-blasting tends to shorten the 
life of the tubes for the reason that it removes the protective scale, 
but the wear is not appreciable (the weight loss by one sand-blasting 
averages 0.4 per cent) and so far no corrosion has been found to 
originate from this method of cleaning. 

The relative thickness of the various deposits have been measured 
with a microscope and found to average as follows: 


inches 
Green nearest tube wall, inside the tube.................... 0.0001 


These values are only average for the few tubes on which the scales 
were measured. The deposits are illustrated in figure 10. 
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Electrolytic protective system 


Both condensers are equipped with an electrolytic protective 
system, which consists of sixteen cast iron anodes placed against the 
tube sheet in each end of the condenser. The anodes are insulated 
from the condenser, and supplied with direct current from a small 
motor generator set. The tube sheet and tube bundle is connected 
to the negative side of the generator. The purpose of this system 
has been explained in the theoretical section above. The large 
masses of iron and brass in contact with each other form an elec- 
trolytic cell, where normally the iron is anodic and the brass cathodic. 


Cast iron anode 8diam.* 24° Manhole cover 
Bakelite bushing Rubber bushing 
3" brass pipe Fibre washer 
Wooden plug Brass tube , 
Cotten fape and tie 
bakelite varnish “eee sleeve 
Steel pod # diam. 
bar connection 
| 


3" 
5k 


Fig. 12. ELEcTRODE ON Nos. 7 AND 8 CONDENSERS 


But any outside current may reverse the process, and start corrosion 
on the brass side of this element. Thus it might easily happen that 
stray currents from outside electric equipment will create a potential 
difference in the wrong direction, which might have a serious effect on 
the condenser tubes. The situation in the steam plant’of San Diego 
Gas and Electric Company is a good illustration of the effect of stray 
currents. This company furnishes 500 volt direct current, to the 
local street railway company, and a large amount of this current was 
returned to the steam plant through pipe lines, cables, ete. With 
the codperation of the railway company, this condition was remedied, 
and the condenser tube losses were reduced from 38 to 6 tubes per 
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month. The chances are that most of the subsequent corrosion was 
started before the stray currents were controlled. 

The electrolytic system at Long Beach insures against corrosion of 
condenser tubes by stray current, and causes a deposit of iron from 
the electrodes on the tube sheet and tubes. The cast iron heads 
on the electrodes are easily replaced and inexpensive. The current 
used per condenser was 80 amperes at seven volts up to September, 
1927. At that time, it was reduced to 60 amperes. A picture of an 
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Fig. 14. AccuMULATED TuBE Leaks No. 9 CONDENSER ON SEMI- 
LOGARITHMIC PAPER 


electrode is shown in figure 11 and a detailed drawing in figure 12. 
Most of them are passed through a manhole cover and are connected 
to bus bars that run outside the condenser water box, illustrated in 
figures 13 and 14, The insulation of the electrodes from the water- 
box represented quite a problem. The protective sleeve, which is a 
3 inch pipe, was attacked, and also the waterbox itself. By using 
brass sleeves instead of steel, and by covering the electrode rods with 
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several layers of cotton tape coated with bakelite, the trouble seems 
to have been overcome. 

The replaceable cast iron heads measure 8 inches diameter by 
23 inches thick, and weigh 37 pounds each. They are replaced, when 
the weight has been reduced to an average of 6 pounds. Between 
April, 1926 and December, 1927, a total of 71 electrode heads were 
replaced on No. 7 condenser, and 61 on No. 8 condenser. The aver- 


Fig. 15. Tuse SHEET No. 9 CONDENSER 


age replacement amounts to 3.1 heads per month per condenser at a 
cost of material of $6.40. The average daily loss in weight per con- 
denser is 3.24 pounds of cast iron. The reduction in weight and 
volume of these heads is preceded by a softening of the surface to the 
consistency of hard mud. It can easily be cut with a knife. When 
this softening has reached about } inch it breaks loose as a scale and 
the softening of the underlying metal continues. To look at a used 


2 
. 


528. F. G. PHILO 


electrode head, and before the soft matter has been scraped off, one 
would think it were built up of layers. The surface matter contains 
12.3 per cent carbon and 43.9 per cent iron, which indicates that the 
pure iron has been removed. Ordinary cast iron contains 3 to 
4 per cent carbon. 
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ELECTRODES 


© Tubes removed for inspection 
© Tube leaks. 


Fig. 16. Tuse Sueet No. 9 ConDENSER (LOCATION OF TUBE 
LEAKS AND ELECTRODES) 


Corrosion in No. 9 condenser 


The development of corrosion in this condenser gives a good illus- 
tration of the operation of the electrolytic protective system. The 
condenser tubes are of admiralty brass, manufactured by the Ameri- 
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can Brass Company and are protected by an electrolytic system of 
thirty-two anodes, similar to condensers 7 and 8. 

The unit was started in operation on July 10, 1926, and the first 
tube leak occurred December 23, 1926, after five and one-half 
months service. From that time to May, 1928, a total of 37 leaks 
developed at a slowly increasing rate, as will be seen on the accumula- 
tive tube leak chart, figure 14. The rate of tube leak development 
dropped off to practically nothing on May 1. Plotted on a semi- 
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Fig. 17. Pirtina or Tuses 1n No. 9 ConDENSER, AFTER 15} 
Montus SERVICE 


logarithmic chart, the accumulative leakage curve is approximately a 
straight line up to that date (May 1, 1928). 

The original electrode current was 60 amperes for the whole con- 
denser. When the tube leakage became excessive, the current was 
raised to 110 amperes, in September, 1927, and to 150 amperes in 
October, and has been held at this figure since that time with an 
average cast iron consumption of 12 pounds per day from the elec- 
trodes. It is very probable that the reduction in tube leaks in May, 
1928, was caused by the increase in electrode current in the fall of 
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1927. The pitting that occurred in the intermediate period had 
already been started when the current was raised, and corrosion 
continued in these places. 

A photograph of the tube sheet is given in figure 15 and a 
sketch with location of leaks, marked in figure 16. It will be seen in 
the latter illustration that nearly all leaks have occurred on the out- 
side of the tube bundle, where the protection from the electrodes 
would be least effective. It was therefore reasonable to believe that 
some relation existed between the electrode location and the develop- 
ment of tube pitting. In order to establish this relation, if any, a 
series of tubes were pulled out in the fall of 1927, as shown by rings 


Fic. 18. TuBe From No. 9 ConpENsER, Row 56, TuBE No. 1 From West, 
West Top Section, Seconp Pass. PiuGGep ror Leak FEBRUARY 
9, 1927. Removep Marcu 13, 1927 


on figure 16. One of these was located directly behind an electrode, 
and the others at increasing distance from it. Tubes were also pulled 
around the circumference of the tube bundle in the upper West 
quarter. The location of the pits and their relative depths are 
indicated graphically on the chart, figure 17. It will be noted that 
the corrosion is most severe on the outside of the tube bundle, and 
generally in the middle of the tube length, between the two tube 
support sheets. The tubes farthest away from any electrode shows 
the worst pitting, and the one directly behind the electrode shows 
no pitting. Photographs of two outside tubes from this section 
figures 18 and 19, give an indication of how rapidly the corrosion 
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spreads, just like a disease. The tube on figure 18 and Row 56, was 
removed after 9 months service, and has a corroded area a few inches 
long, but the pits were deep enough to cause a leak. The tube on 
figure 19 is from the adjacent Row 55, (marked on the tube sheet 
figure 16 and on figure 17). It was removed after seventeen months 
service, and has a corroded section which is several feet long. Evi- 
dently the corrosion spreads and might eventually cover the entire 
length, unless preventative measures are taken in the meantime. 
This is entirely in agreement with the electro-chemical theory. 


Fig. 19. TuBE rrom No. 9 ConpEnsER, Row 55, Tuse No. 1 rrom West, 
West Top Section, Seconp Pass. REMOVED FoR INSPECTION 
NoveMBeER 1, 1927 


When a pit has been formed the bottom is covered with deposit of 
some sort and the underlying area is anodic. A potential will also 
be set up between this area and the surrounding metal, which 
generally will attack the surrounding area, as these parts have a more 
dilute deposit of solution. When a pit has started the tendency is 
nearly always for the corrosion to deepen and spread. 

The photomicrographs taken from one of these outside tubes which 
develop a leak in the early stage of operation, figure 20, shows per- 
fectly sound material at the cavity, and that corrosion is not due to 
faulty material. 
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Corrosion of another nature is taking place at the tube inlet ends, 
particularly in the first pass. The tube inlets are illustrated in 


Fig. 20. PHOTOMICROGRAPH OF TUBE No. 9 CONDENSER 


4 


Fig. 21. Inter Enps or Tuse No. 6, anp TuseE 18, Row 4, East Borrom 
Section No. 9 ConpENSER. REMOVED FOR INSPECTION JANUARY 3, 
1928 


figures 2 and 4, and two typical cases of corrosion are shown in 
figure 21 of tubes which have been in service 18 months. The appear- 
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ance of these corrosion pits indicate that the corrosion is caused by 
air in the water. The pits are bright. The distribution of this 
particular kind of pitting varies with the location of the tube in the 
condenser. The upper rows in the first pass have deep pits in the 
upper part of the tube inside, where air would collect if liberated from 


Fig. 22. Protective System on No. 10 ConpENSER 
the water. Aside from this row of deep pits there is not much pitting 
around the circumference. But the pits have a depth of probably 
one-third the wall thickness, and extend in some cases beyond the 
tube sheet into the active part of the tube. It is probable that the 
tube will be punctured outside the tube sheet before the corrosion 
inside has progressed far. It might also be that this hole in the tube 
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will provide escapement for the air and slow down further corrosive 
action, but it cannot stop it. The lower rows in the first pass have a 
more even distribution of corrosion around the circumference of the 
interior tube surface, and not very severe, as yet, in any one place. 
No tube leaks have yet developed from this kind of corrosion. 

The location of electrodes in the new 94,000 kw. turbo-generator 
condensers is shown in figure 22. The unit has four vertical con- 
densers, one in each corner, single pass, with 20,000 square feet 
cooling surface each. The anodes are located in the top and bottom 
ends, and are interconnected inside the water box with only one 
connection through the water wall. This connection is not shown in 
the illustration. The current used per condenser is 50 amperes, which 
is 2.5 amperes per 1000 square feet. This compares favorably with 
No. 9 condenser, with two amperes per 1000 square feet. This unit 
has just been placed in operation, so that nothing is known about the 
effectiveness of the protection with the new arrangement of con- 
densers and protective system. 


SUCCINCHLORIMIDE FOR THE TREATMENT OF SMALL 
QUANTITIES OF POTABLE WATER! 


By Cyrus B. Woop? 


The purpose of the work here reported was to find, if possible, a 
water disinfectant suitable for small scale preparation of potable 
water that would be an improvement on the disinfectant used in the 
present official Army method for the preparation of potable water in 
the field. The work to date is reported because of the appointment 
of a joint board representing both the Chemical Warfare Service and 
the Medical Department to continue that search. 


HISTORICAL 


A full account of the development of the various methods used to 
render water potable in quantities both large and small would be 
beyond the scope of this article. For such an account the reader is 
referred to the excellent work of Mason (1); a shorter account, deal- 
ing more in detail with the chlorine-containing compounds used in 
such work, is to be found in the book by Race (2). An excellent 
recent work discussing water disinfection is that by Buswell (3). 

Suffice it to say that the discovery of the bacterial origin of many 
of our common diseases and the part played in the spread of these 
diseases by water and food resulted in the development of large scale 
methods for the destruction of harmful bacteria in order that large 
water supplies might be delivered to the users in potable form. At 
the same time the purification of small supplies and of small quanti- 
ties of water became urgent. The armies of the civilized nations 
realized the need of such methods for the purification of water 
supplies in large and small camps and also out in the field, away from 
permanent and semi-permanent camps. 

The methods of use in the small scale purification of water are fully 
described and discussed in texts on hygiene, sanitation and related 


1 From the Department of Preventive Medicine and Clinical Pathology, 
Army Medical School, Washington, D.C. This article appears concurrently 
in the October issue of the “Military Surgeon.’’ (Editor.) 

2 Major, Medical Corps, U. S. A., Washington, D. C, 
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subjects (4, 5,6). Their development has, naturally, been influenced 
‘ by the methods that proved of use in large scale water disinfection; ~ 
still, this small quantity problem has features that differ from large 
and from small scale water disinfection. 

The simplest method of rendering water potable is boiling. 
Boiled water is, however, definitely unpalatable; furthermore, the 
boiling of water before drinking is seldom practicable in field use. 

The next simplest method is the addition to water of a chemical 
or of chemicals, and several have been used in this way. Years ago 
potassium permanganate was used by the British; the dosage used 
varied with the water treated, and sufficient chemical was added until 
a pinkish tint remained for twenty or thirty minutes. Long ago, 
also, the British used bleaching powder; approximately 25 grams were 
added per water cart quantity (about 100 gallons). Later, tablets 
of acid sulfate (sodium acid sulfate, with saccharin and oil of lemon) 
were used for single canteen quantitites. This last has the disad- 
vantage, first, of attacking the metal of the canteen and, second, of 
preventing much of the normal amount of calcium from being 
absorbed (hence is undesirable for continued use). Potassium per- 
manganate is said to be a specific destroyer of cholera organisms 
(4), but is far from being an active bactericidal agent for all organisms 
to be found in natural waters. 

Col. C. R. Darnall, M. C., designed (7) a box filter, about the 
perforated syphon outlet of which is placed a cloth on which is 
caught freshly precipitated aluminum hydroxide. Water is run 
into this filter from a barrel set on a rack above it; below is placed a 
second barrel in which the filtered water is stored. This is a small 
scale modification of the principle employed in rapid sand filtration 
plants, use being made of an artificial “‘schmutzdecke.” This 
method is applicable to permanent and semi-permanent camps, but 
not to small, highly mobile bodies of troops. 

Col. W. J. Lyster, M. C., proposed (8) the field method for pre- 
paring potable water that is the present official one. It consists in 
the use of a bag of special weave, of inverted cone shape, with a 
capacity of 36 gallons (= 136 liters), equipped with five or six spring 
faucets near the bottom. It is mounted on a folding rim, this 
feature making for ready transportability, and weighs, empty, less 
than 8 pounds. With the bag is furnished a filtering cloth, allowing 
rough filtration to the extent of removal of sticks, leaves and larger 
suspended particles. The disinfecting agent used is bleaching 
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powder, which is issued in 1 gram quantities in sealed brown glass 
tubes; lots of these tubes in cardboard boxes are issued by the 
Quartermaster Corps, as are also the bags. 

For use the bag is suspended and filled, through the filtering cloth 
if necessary, with water. One or more (the number to be directed 
by a Medical Corps officer) tubes of bleaching powder are broken 
and the contents shaken into a cup containing a little water. This 
mixture is stirred, made gradually thinner with more water, emptied 
into the bag and the whole stirred well. After standing thirty 
minutes the water is considered potable. 

One tube of bleaching powder containing 1 gram of that compound 
added to a Lyster bag (36 gallons, 136 liters) of water is a dosage of 
7.353 mgm. per liter, or 7.353 p.p.m. The chlorine dosage depends 
upon the titer of the powder at time of use; if (for the sake of sim- 
plicity) its titer is 27.2 (i.e., 1 gram furnishes 0.272 gram available 
chlorine), the addition of one tube of this powder to a Lyster bagful 
of water means the addition of 272 mgm. available chlorine to 136 
liters, or 2 mgm. per liter, or 2 p.p.m. If the bleaching powder has a 
titer of but 13.6, a tube of such powder to this quantity of water is 
the use of a dosage of 1 p.p.m. available chlorine. 

This method was used extensively during the World War, and the 
correspondence on it in the Surgeon General’s Office deserves mention. 
First, in point of time, should be mentioned the confusion that was 
almost inevitable because of the fact that this bag and its accompany- 
ing filter and the bleaching powder tubes were and are issued by the 
Quartermaster Corps, although their use was often entirely in the 
hands of the Medical Department. 

More important is the fact that bacteriological checks of the 
bleaching powder on hand showed such unsatisfactory and erratic 
bactericidal power as to render necessary a physical inspection of the 
stocks of tubes delivered overseas. These examinations showed the 
tubes themselves to be in unsatisfactory physical condition, un- 
reasonably large percentages of poorly sealed and of exploded tubes 
being found. Poor packing also was found, the separate containers 
(each at that time holding 60 tubes) not being well enough filled with 
both tubes and packing to prevent injury to the tubes especially in 
the top and bottom layers incident to the hurried handling they had 
received. Chemical examinations of the bleaching powder held in 
tubes picked at random from large stocks showed the available 
chlorine content to be unreasonably low. 
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Meanwhile the best was being made of the bleaching powder tubes 
on hand, Medical and Sanitary Corps officers recommending often 
as many as five tubes to be used to each Lyster bagful of water. 
Such a water has, of course, a definite taste, and was quite naturally 
blamed for any physical ills that might develop within the next 
several hours, days, and even weeks subsequent to its use. 

In 1921 the Surgeon General interested the Quartermaster General 
in the condition of the supplies of bleaching powder tubes on hand, 
and through that office sample boxes from the several storage depots 
were sent in for examination (9). As a result of this survey recom- 
mendations as to more careful packing were made, and a deterioration 
rate of the bleaching powder in these tubes of approximately one- 
sixtieth (0.5 of the original titer of 30 to 32 per cent) per month was 
determined. In this connection it is interesting to know that 
McDonnell and Hart (10) have announced a monthly deterioration 
rate of commercially packed bleaching powder of 1.08 per cent of its 
original 30 to 35 per cent free chlorine content. 

Fairhall (11) suggested adding to the equipment for the field 
preparation of potable water ampoules containing a solution of 
orthotolidin (12) and clear glass tubes holding each 1 gram small 
sodium thiosulfate crystals; he recommended the modification of the 
original procedure described above by adding to the water under 
treatment a sufficient number of tubes of the bleaching powder on 
hand to give a color with the ortho-tolidin solution which persists 
for thirty minutes, then adding the sodium thiosulfate crystals, 
stirring well, and pronouncing potable very soon after this last step. 
These recommendations were later adopted. 

Hitchens (13) made useful observations on the shades of color given 
by the ortho-tolidin solution recommended by Fairhall, proposed 
more specific directions, and placed emphasis again on the use, in the 
absence of other methods, of tincture of iodine in the dosage of one 
drop to a canteenful (this equals approximately one drop per liter) 
to render water potable. 

In their extensive study of a large number of compounds and 
mixtures containing free or available chlorine as antiseptics Dakin 
and his coworkers (4, 14, 15) found that the compound p-dichlor- 
aminosulfon benzoic acid can be used as a small scale water disinfec- 
tant. This compound is now on the market under the name 
“‘halazone;’’ it is put up in tablets, each for the treatment of a quart 
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or a liter of water; each tablet contains 4 mgm. of that compound. 
This is, the writer believes, the first proposal of the use of an organic 
compound containing positive chlorine for water disinfection. © 

A study was made (16) of thirty bottles (each containing 100 tab- 
lets) of “halazone” and these tablets were found to deteriorate at the 
rate of approximately 10 per cent yearly; each table containing 4 
mgm. “halazone” today will be found a year from now to contain 
but 3.6 mgm. 

While this study was in progress tablets were furnished by the 
manufacturer of a preparation known as “nuklorene” (16), who 
hoped that it would prove useful as a water disinfectant. It was 
found to be far inferior to “‘halazone;” in fact, was practically worth- 
less bactericidally. The writer mentions this incident because of 
his strong suspicions that the active principle of this preparation was 
sodium p-toluene sulfonchloramide (chloramine-T); if this is correct, 
it constitutes a second proposal of an organic compound as a water 
disinfectant. This last named compound was announced useless 
as a water disinfectant by Dakin and Dunham (15). 

More recently Maj. C. H. H. Harold of the Royal Army Medical 
Corps has proposed (17) and developed a method for the preparation 
of small quantities of potable water that seems to answer the field 
problem quite well. He uses as the disinfectant agent chloramine, 
NH.Cl, which will be found discussed at some length by Race (2) 
and is used for large scale water disinfection in some cities on this 
continent. Referring the reader to Harold’s articles for the details 
of this method, the writer must state for the sake of completeness that 
Harold recommends the forming of chloramine or of dichloramine 
(NHCl.) by adding to the water under treatment first a tablet of 
ammonium carbonate, then a small volume of chlorine water. The 
compounds named are formed promptly, depending upon the use of 
one or of two volumes of chlorine water to a unit quantity of am- 
monium carbonate. Certain advantages of this method are obvious; 
the materials are quite available and are cheap; the method is not at 
all complicated; the disinfecting agent is formed right in the water 
treated, hence its deterioration does not enter into the problem. 
However, the stability of the ammonium carbonate tablets and of the 


. chlorine water must be considered; furthermore, the two-reagent 


feature of this system will, the writer fears, be considered by many a 
real disadvantage. 
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THEORETICAL 


To be of use for the Army method of preparing potable water in 
the field an organic compound containing positive chlorine must be’ 
a solid at ordinary temperatures and pressures. A liquid compound 
of this nature would have certain disadvantages, in that it would 
escape readily from its container, once that container became cracked 
(not necessarily broken), and would react with water sufficiently 
promptly to show corrosive properties more or less readily. A gas 
would escape, possibly explosively, from its container, were that 
container handled too roughly; furthermore, for the use of a gas an 
apparatus would be needed differing from the present equipment. 

Such a solid organic compound containing positive chlorine should 
possess the following properties: (a) prompt reaction with water, 
with resulting prompt bactericidal action on the organisms encoun- 
tered in natural waters; (b) stability to a degree allowing prolonged 
storage; slight or negligible deterioration for a period of time ex- 
pressible in years, rather than in weeks or months; (c) non-toxic 
action on the human body. 

Bleaching powder (calcium chloro-hypochlorite) in the form of 
the ordinary grades (titer 30 to 35 per cent available chlorine) has 
been found definitely wanting in the second characteristic, stability 
(9, 10). 

p-dichloraminosulfon benzoic acid, “halazone,” has the first 
characteristic to an imperfect degree, reacting so slowly with water 
that it has been found necessary to put in its tablets a quantity equal 
to the weight of that compound, of sodium carbonate or of sodium 
borate, in order to make its solubility in water near a practical 
degree (15). 

Sodium toluene p-sulfonchloramide, chloramine-T, the water 
soluble wound disinfectant developed by Dakin and coworkers (14), 
has too slow a bactericidal action (4) to be of any use as a water 
disinfectant. 

Some readers may wonder, as did the writer, about the bactericidal 
power of benzene sulfondichloramide, CsH;-SO2-NCl2, a compound 
closely related chemically to chloramine-T and dichloramine-T 
(4, 14). The writer made a few grams of this compound (October, 
1926) and found that a few tiny crystals scattered on the surface of 
water containing a very little potassium iodide, liberated free iodine 
promptly. Some of this compound was accordingly sent for bac- 
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teriological study, and was reported too sluggish bactericidally to 
deserve the name of a water disinfectant (18). 

The writer attempted the preparation of tetrachlorohexamethy- 
lenetetramine (19) and of monochloroguanidine (20) without success; 
hence can make no statement as to the degree to which each of these 
compounds possesses the characteristics mentioned above. 

Personal communication with Dr. T. J. Albert (formerly with the 
Medical Research Division, Edgewood Arsenal, Md.) makes the 
writer doubt the stabilities of acetylchlorcarbamide (21) and of most, 
if not of all, of the interesting series of substituted ureas developed 
by Chattaway and his coworkers. 

The writer’s attention was attracted to the compound succin- 
chlorimide primarily because it resembles phthalic acid in imide 
formation, anhydride formation, and other ways. The salts of 
succinic acid are to be found in certain non-poisonous fruits, such 
as lettuce and unripe grapes. Furthermore, the sodium, potassium 
and ammonium salts of succinic acid have been used in medicine as 
internal remedies, in dosages of 5 to 15 grains (0.3 to 1.0 gram). 
Succinchlorimide reacts with water to form a simple amino acid, 
succinamic acid; hence, the prospects of this compound being of low 
toxicity seemed quite good. 

The preparation of this compound, stability studies, toxicity 
studies and bacteriological studies made on this compound will be 
given later (see Experimental). 

Compounds containing positive chlorine are believed to act bac- 
tericidally in a three-fold manner (2): they act (a) by directly oxi- 
dizing organic matter, (b) by directly chlorinating organic matter 
and (c) by toxic action on such low forms of life. The writer doubts 
that it will ever be possible to separate these actions, as the tempera- 
tures and humidities demanded by such forms of life leave little room 
for varying experimental conditions sufficiently to rule out either of 
the first two actions named. 


PROPERTIES OF SUCCINCHLORIMIDE 


Succinchlorimide is a crystalline compound, colorless, with slight 
odor of chlorous nature that is not at all strong in crystals of highest 
purity. It has a melting point of 148-9°C. and can be fused and 
allowed to solidify repeatedly, apparently without change, under 
temperatures of 170°C.; above that temperature it decomposes. 
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It has a somewhat saline taste with a definite chlorous quality 
that is moderately persistent. 

Succinchlorimide dissolves quite readily in water, especially if 
in finely divided'state, to make approximately a 1 per cent solution 
(20°C.). It is fairly soluble in chloroform and in ethylene chloride 
(symmetrical dichloroethane), and sparingly soluble in benzene, 
toluene and acetylene tetrachloride (symmetrical tetrachloroethane) 
at ordinary temperatures. All of the solvents just named dissolve 
this compound in appreciable quantities when hot, and can be used 
as recrystallizing solvents.’ Oddly, succinchlorimide is practically 
insoluble even in hot carbon tetrachloride. 

Acetone and ethyl acetate dissolve this compound in fair quantities 
at ordinary temperatures, apparently without change. 

Methy] alcohol seems to dissolve succinchlorimide without change; 
such a solution, on being evaporated to dryness, leaves a residue that 
appears unchanged. Such cannot be said of ethyl alcohol, however; 
a reaction takes place at temperatures near 50°C. which may be quite 
brisk, and the residue gives no evidence of containing available 
chlorine. 

As would be expected in the case of a compound containing positive 
chlorine, aqueous solutions of this compound react promptly with 
potassium iodide, liberating free iodine. The compound succin- 
chlorimide reacts with water according to the reaction: 


CH.-CO CH,-COOH 

+ 2 + HOCI 
CH:-CO CH.-CONH, 
succinchlor- succinamic hypochlorous 
imide acid acid 


The simple amino acid formed on hydrolysis probably explains the 
low toxicity of this compound. 


EXPERIMENTAL 


A. Preparation of succinchlorimide 


I. (a) Preparation of succinimide by treating succinic anhydride with dry 
ammonia (22, 23). One hundred grams succinic acid, dried at 100°C., are 
heated in a 300 cc. retort with 65 grams phosphorus oxychloride at a tempera- 
ture of 100-120°C. until hydrogen chloride is no longer evolved; during this step 
the stem of the retort is elevated to serve as a reflux condenser. After hydro- 


’ The writer plans soon to determine more accurately these solubilities. 
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gen chloride is no longer evolved the stem of the retort is lowered and the con- 
tents distilled; the distillate is collected after each single drop solidifies (first 
few drops discarded). The product is succinic anhydride, practically pure; 
recrystallization from chloroform gives a product melting at 119-120°C. 
Reaction: 

CH:;-COOH POCI; CH.-CO 

CH.-COOH CH;-CO 

One hundred grams succinic anhydride are fused in a 300 ec. retort and a 

stream of ammonia gas is led through a column of soda lime into it until the 
ammonia is no longer absorbed (odor). The stem of the retort, elevated 
during this step; is then lowered and the contents rapidly distilled over a free 
flame. (Previous heatings of the retort are done on a sand bath or a Wood’s 
metal bath.) A certain amount of charring seems unavoidable in this step; 
the distillation is accordingly stopped as soon as the distillate, at first clear 
and colorless, becomes slightly discolored (yellowish). Recrystallization 
of this product from acetone gives a product melting at 123-125°C. Reaction: 


CH:-CO NH; CH:-CO 
CH:-CO CH:2-CO 
1. (b) Preparation of succinimide from ammonium succinate. Crystallized 
or powdered ammonium succinate is placed in a round bottomed flask or in a 
retort in sufficient quantity to fill it half ora bit more. If a flask is used, it is 
fitted with a single outlet tube of wide diameter. Heat is applied (free flame) 
so as to get rapid and uniform temperature rise. The contained ammonium 
succinate melts, then ammonia and steam are evolved and succinimide distils 
over. By rapid heating very little loss from charring occurs. Reaction: 


CH:-COONH, CH:CO 
+ NH; + 2 H.0 
CH.-COONH, CH:CO 


(The writer has repeatedly tried the method (24) of heating ammonium suc- 
cinate in an open dish to temperatures near 200°C., and reports most erratic 
results.) 

2. Preparation of succinchlorimide from succinimide. The preparation of 
succinchlorimide by adding chlorine gas and also by adding a strong solution 
of bleaching powder to a solution of succinimide in 15 per cent sodium hydrox- 
ide at low temperatures (0°-10°C.) (25) was unsuccessful in the writer’s hands. 

The writer has been able to prepare succinchlorimide by passing a slow 
stream (separate bubbles at a rate allowing counting) of chlorine gas into 
water containing approximately 5 per cent of succinimide and 5 per cent of 
sodium bicarbonate or 3 per cent sodium carbonate, the solution being chilled 
to temperatures below 10°C. The succinchlorimide forms quite promptly in 
solutions made with sodium bicarbonate, and after some delay in solutions with 
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sodium carbonate; it collects at the surface of the solution as a white crystal- 
line product. Recrystallization from chloroform, ethylene chloride (sym- 
metrical dichloroethane), acetylene tetrachloride (symmetrical tetrachlo- 
roethane), benzene or toluene gives a product that contains the theoretical 
amount of chlorine (26.560 per cent) and that melts at 148-9°C. Reaction: 


CH:-CO Cl CH:-CO 


CH:-CO CH:-CO 


B. Stability of succinchlorimide 


The many factors influencing the rate of deterioration of chemical 
compounds need but be mentioned to show how complex a subject 
this is and how many-sided a study could be made of this or of any 
compound. The purity of the compound, the nature of the impuri- 
ties (if any are present), the degree of access of air, the qualities of 
the air that may gain access to it, the range of temperature to which 
it may be subjected in storage, the accessibility of light, the character 
of that light—these are the most obvious factors influencing the 
deterioration of chemicals. The following brief studies were made, 
choosing them because of the factors that have undoubtedly played 
a part in the deterioration of bleaching powder (9). 

1. Under steadily changing air of 50 per cent humidity (26) and 
exposure to northern light for fifty days bleaching powder, “hala- 
zone”’ and succinchlorimide were studied with the following results: 


Per cent free’ Cl, Oday.............. 21.9 25.5 25.6 
Per cent free Cl, 50 days.............. 16.9 25.06 25.4 ° 
Per cent original Cl lost.............. 22.8 1.72 0.78 


(The analyses given represent titrations of 0.100 gram samples’ with 
thiosulfate solution. Each figure is the average of three titrations 
of such samples. The powders were thoroughly mixed before col- 
lecting these samples.) 

2. Samples of “halazone”’ and of succinchlorimide were studied 
in clear glass tubes, cotton-plugged; each tube was about half filled 
with contents. Half of these tubes were placed in a bacteriological 
incubator where a temperature of 37.5°C. was maintained for fifty 
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days. The remaining tubes were kept on the shelf close to a north 
window (no direct sunlight) for the same period. 


‘“HALAZONE”’ SUCCINCHLORIMIDE 


Room Incubator, Room _ | Incubator, 
torent | | dark 
Per cent free Cl, 0 day.............. 24.0 24.0 25.6 25.6 
Per cent free Cl, 50 days............. 23.65 23.0 25.56 25.6 
LOM 0.35 1.0 0.05 0.0 
Per cent original Cl lost.............. 1.46 4.16 0.195 — 


The succinchlorimide loss at room temperature in the above 
table is within the limits of experimental error, as is the figure of 
25.7 per cent free chlorine given on analysis of other portions of this 
same sample at an age of two hundred days (June 22, 1926 to January 
8, 1927). 

3. Capt. D. W. Fetterolf, ret.,4 (27) found that approximately 
0.5 gram quantities of this compound that had been kept in formalin- 
hardened gelatin capsules sealed with a gelatin solution in an ice box 
(+ 40°F.) for one year showed a chlorine content at the end of that 
period of 26.10 per cent (theoretical, 26.56). 

4. The writer has a bottle containing about 65 grams of this 
compound that he made during the summer of 1926. This bottle 
has been about the laboratory and, for several months, on a certain 
desk in the Surgeon General’s office since that time. It has had no 
special care or attention, except that it has never, it is believed, been 
exposed to direct sunlight. It has never been in an ice box. Its 
stopper has never been out for more than a few moments at a time. 
Recently, (May 31, 1928) an analysis showed the presence of 26.08 
per cent chlorine; it is still better than 98 per cent pure, based on its 
chlorine content. 

The facts given in the preceding numbered paragraphs all suggest 
an excellent degree of stability of the compound succinchlorimide, 
making all due allowances for the facts that it is organic, that it 
contains positive chlorine in a comparatively small molecule, and that 
it reacts quite readily with water. It is definitely more stable than 
“halazone,”’ which compound was used not only as one possessing 
a stability that would be of value for comparison, but also as one whose 


‘ Officer in charge, Chemical Laboratory, Army Medical School, 1923-1927. 
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stability should be exceeded by the compound sought for in this 


study. 
TABLE 1 
Bactericidal results with succinchlorimide 
TEST FOR THE PEESENCE OF B. COLI 
BAC- 
Fermentation tubes PRECIP- 
ITATE CUBIC 
24 hours 48 hours 
0.1 | 1.0 |10.0 0.1 | 1.0 10.0] 
Sterile distilled water plus B. coli 
+) +) +) +) 4+) + 3 ,000 
0/0/0/;0/0/0 0 0 Very 
faint 
0;0;0/0;0/;0 0 0 Very 
faint 
0 0 Very 
faint 
oy 0;0;0/0/0/0 0 0 Faint 
SCI-10-m........ 0;0/;0;0;0/0 0 0 Faint 
Water from Rock Creekt 
0.1 | 1.0 }10.0} 0.1 | 1.0 |10.0 
Gontrol: +] +) +) 4+) t+] * 6 ,000 
SCI-10-m........ +} Slight 


Ca, commercial grade bleaching powder. 


SCI, succinchlorimide. 


numbers, dosage in milligrams per liter. 
m, mixture with equal weight sodium carbonate. 


0, no bacterial growth. 
_ +, bacterial growth 
* presence of B. coli. 


+t Rock Creek water turbid before addition of chemicals; turbidity difficult 


to read. 


C. Bactericidal power of succinchlorimide 


The figures in table 1 are from the report by Capt. W. C. Cox, 
M. C., to the Director of Laboratories, Army Medical School, in 
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February, 1926. They show the fact that the first small lot of suc- 
cinchlorimide examined deserves the name of being a water dis- 
infectant. 

This work has been repeated and extended by Maj. J. S. Simmons, 
M. C., using the compound prepared by the writer, and his results 
will be included in the report of the board (see Introduction). 


D. Toxicity of succinchlorimide 


Reference must again be made to the future report of the Board 
for details of toxicological studies already performed or under way. 
The writer directed the first series, and states here only that that 
first series of dogs used suggests a very low degree of toxicity for 
dogs on internal administration; a minimal lethal dose of 1 gram per 
kilogram body weight, or a higher figure, is predicted. 

One case of prolonged human exposure should here be mentioned. 
The writer himself has been more or less actively engaged in the 
study and in (practically unaided) the manufacture of this compound 
for over two years. He has had it on his hands and arms to the 
elbows for hours at a time almost weekly during this period. If 
this compound were in any way toxic on such continued contact, he 
should have experienced such ill effects. There have been none 
This is, however, but one case. 


DISCUSSION 


A water disinfectant that is stable and that will render water 
potable not only in quantitites such as are held in a Lyster water 
bag, but in smaller quantities, such as are held in the canteen carried 
by the individual soldier, is one in which the Army is interested. 
The preparation of smaller tablets of this compound is under con- 
sideration by the Board now organized, with the hope that such 
use of this compound may be made. The question of injury to the 
human body on long use of this compound is also to be studied. 

The development of the automobile within the memory of all 
readers has created an extra-governmental interest in such a tablet for 
the use of tourists and campers, whose vacation activities are much 
more general than they were even but a few years ago. Interest may 
also develop from intelligent inhabitants of tropical and sub-tropical 
regions, while the usefulness of such a compound to the personnel 
of expeditions to unexplored regions is obvious. 
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SUMMARY 


The properties desired in a compound suitable for the preparation 
‘of small quantities of potable water are discussed. 

A compound that seems to possess these properties is named and 
described. 
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DISCUSSION OF THE MANUAL OF WATER WORKS 
PRACTICE! 


J. P. BurrerFrietp:?? In 1906, a material known as ingot iron was 
developed. Twenty-two years of service under ground, in the form 
of pipe lines, culverts, and sewer lines, have proved the durability of 
this material. It is, of course, patterned after the old irons that 
served with long life, so it is only logical that the long life of ingot iron 
for underground service will be similar to that of the old iron pipe 
lines. 

This material is available for large water supply mains, as well as 
small ones, in many different types of pipe. Large mains can be 
furnished in welded, riveted, or lock-bar construction. The pipe 
can be prepared for any type of field joint. Ingot iron pipe is also 
available in smaller sizes; in fact, this kind of pipe can be purchased 
on the market in any size, quantity, or style in which steel pipe can be 
purchased. 

Over five thousand culvert structures, located in thirty-one differ- 
ent states of this country, have been thoroughly inspected during the 
last few years. This includes ingot iron and steel, which structures 
were serving under normal, organic, and alkali conditions. The total 
average estimated life of a steel culvert, in normal service, based on 
these investigations, is 23.5 years. The total average estimated life 
of ingot iron is 40.7 years under the same conditions. This particular 
life, in the case of both steel and ingot iron, is based on sixteen gauge 
material (5 inch thick). Since water pipe service normally requires 
3 to 3 inch plates, which are four to eight times this thickness, it 
would seem to be conservative to expect 50 per cent more service 
from these materials in water service than that found in culvert 
service, due account being taken of the probably more severe service 
conditions in water pipe lines. Such figures then for steel, namely, 
thirty to thirty-five years, agree with those established in table 45, 
found on page 532, of the Manual. The ingot iron expectancy, 
under the same comparison, would be sixty years. 


1 Presented before the New York Section meeting, May 3, 1928. 
2 The American Rolling Mill Company, Middletown, Ohio. 
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It is therefore conservative, in view of the greater wall thickness of 
steel and ingot iron water pipe, to use figures of thirty to thirty-five 
years for steel pipe and sixty years for ingot iron pipe, when compar- 
ing these two different types of plate pipe. 


H. F. Huy:.* In looking up the subject of Finance and Management 
for criticism, the first thing that impressed me to be criticised was the 
arrangement of the subjects thereunder. On the first page it speaks 
of water rates; on the third page it talks about assessments for water 
main installations, on the fourth and fifth pages it talks about taxa- 
tion and about the fifteenth page it talks about meter rates, and so on. 
When the valuation subject is reached, which is a preliminary one 
under Financing, it has passed over fifty pages of reading matter. 

The method of financing of a utility or water company is the most 
important part and it should be properly placed in the beginning of 
the chapter or, even better, following the introduction of Chapter 1, 
as all other subjects are subsidiary in water works practice. The 
subject under discussion should be first approached with articles 
covering valuation or cost of the installation. 

The data in reference to valuation, price trends and depreciation 
are very well set forth in the Manual, no doubt somewhat at length, 
but still presented in a very concise manner for the determination 
of the value and cost of the property. 

The paper prepared by Mr. Metcalf on Price Trends is interesting 
and should form a basis in valuation as it has useful information in 
determining values. 

The items of depreciation and obsolescence should follow, as they 
are of next importance, in order to provide the data as to the present 
value of the property for determining methods for financing proper- 
ties. 

There are no data presented as to how properties van be financed. 
It would be very desirable to have an article prepared by bankers and 
bond houses as to methods of providing financing in building water 
works properties, either municipal, private or metropolitan districts. 
Such information should cover various methods that could be used as 
to ratio of bonds that could be issued against the property value and 
earnings of debentures, preferred stock, or the stock that might be 
issued to provide additional funds for completing the plant. Financ- 


3 General Manager, Western New York Water Company, Buffalo, N. Y. 
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ing properties by the customer ownership method should also be 
included. In the case of municipalities the question of what securi- 
ties the municipality could issue against such property will have to 
depend on the laws of the State under which it will operate. 

The Manual contains considerable subject matter as to formation of 
metropolitan water districts or small water districts taking supply 
from some larger plant. The subject is very well discussed and 
is an important one for there is a tendency for extending water 
mains in outlying sections, even beyond the best judgment of 
economy in taxes. Many subdivisions are being improved with 
light, water, sewers, pavements, etc., but have very little revenue 
immediately obtainable. In municipal plants funds can be provided 
by assessments against the property benefited, but where the terri- 
tory is supplied by private water companies, the problem is still open 
for considerable discussion—especially where property is very often 
developed by agencies who market the property on sales commission 
and are interested only in placing it on the market with all improve- 
ments and ask the water company to finance the water supply. 

The Manual does not contain any chapter under the subject 
“Accounting Systems” or manner of keeping the financial records in 
connection with water plants. This is a subject that has been 
more or less neglected by the Association. From time to time sugges- 
tions have been made by various members to take up this subject and 
even as to the formation of an Accountants’ Section in the Asso- 
ciation. 

Mr. Fenkell of Detroit, in the discussions as to the manner of 
getting new members, stated that this was a very important thing in 
water works operation, especially in the case of cities where the 
personnel of the office might change, due to political conditions, and 
was a field for a new class of members for the Association. 

The article'should be prepared by expert accountants and sugges- 
tions offered by water works authorities as to the most advanced 
methods of providing a simple uniform accounting system which 
would “key in” with the plant operation, the financial requirements 
for financing water works properties and other regulating bodies. 

The subject of Taxes has been very carefully covered and is a very 
serious problem in privately owned plants, due to the vast improve- 
ment work that is being carried on in various municipalities. Liberal 
allowance in determining rates should be made to cover taxes. The 
Manual shows the various methods employed in the various states 
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as to the levy of taxes, but this portion of the Manual in revision 
should be carefully checked for taxes are continually being increased. 

Articles on betterments or new improvements would be next in 
order. Water rates should follow, as the proper rate should be deter- 
mined through the information obtained as set forth in the foregoing 
subjects. 

The chapter on Operating Practice should be included in the Distri- 
bution of Water, because most of the subjects in this chapter have 
bearing either on the furnishing of water or the laying of mains to. 
supply the same. The cost of the maintenance and repair work and 
the handling of complaints and general water main extensions could 
be properly included under the chapter on distribution of water, corre- 
lated with the various subjects thereunder. 

In the revision of the Manual, a new arrangement would be a. 
decided improvement and should so present the subjects in logical 
order for reference by people interested in financing and operating 
water works property. 


Epaar K. Witson:* Before entering on the section specifically 
assigned to me, I would like to echo the desire expressed at the 
December meeting of this Section for a volume more easily handled. 
It was suggested at that time that the Manual might be published in 
two or even three volumes. The desired result could be obtained 
without the added expense and trouble of two volumes by using the 
same paper as is used in Flinn, Weston & Bogert’s ‘“‘Water Works 
Handbook” or Hool and Johnson’s ‘‘Concrete Engineer’s Hand- 
book.” Each of these books, though containing about a hundred 
more pages than our Manual, is about one half inch thinner, being 
only 1} instead of 1? inches thick. A corresponding decrease in the 
Manual would make considerable difference in the ease of handling 
of the volume. 

The general assignment for this discussion is the section entitled 
“Distribution of Water,” including Chapters 13to19. Of this section 
Chapter 15 on “Pumping Station Practice’? was discussed at the 
December, 1927, meeting of the New York Section, and it will there- 
fore not be included at this time. 

The first criticism of the assigned matter is that all through Chapter 
13 we find scattered descriptions of various materials used in water 


4 Chief Engineer, The Pitometer Company, Engineers, New York, N. Y. 
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works construction. These might well be collected and put all 
together in a preliminary chapter. All these materials,—different 
kinds of pipe, protective coatings, joint materials, valves, and 
hydrants—are common to all pipe lines regardless of size; and a 
segregation of their discussion in a chapter by themselves would 
avoid the interpolation of such matter at various points throughout 
the chapter. 

It is unfortunate and probably unintentional that the title of 
Chapter 13 is given as “Large Mains.” Although this is the first 
subdivision of several which have their titles at the heads of their 
respective pages, it would seem preferable for the chapter heading to 
show the principal topic; which in this case would be the same as the 
heading of the whole section, “‘Distribution of Water,’ rather than to 
give the place of honor to whichever one of the four subdivisions 
might hold first place in arranging the subject matter. 

Moreover, the term ‘“‘Large Mains” is a misnomer in this connec- 
tion, since the title is clearly meant to refer to the conduits which 
bring the water to the system rather than to any of the large mains 
which may form a part of the distribution system itself. Also, the 
term ‘Large Main” is entirely relative. In the case of a small 
community supply an 8 inch pipe running from a spring a mile or two 
up in the hills would be a “‘large main;”’ but the same sized pipe in a 
large city would be an insignificant part of the distribution system; 
while a 60 inch main or a Catskill Aqueduct might be required to 
perform the same service for the city which the 8 inch pipe performs 
for the village. 

From the opening of the chapter it would seem as if considerable 
introductory matter had been eliminated at the last moment, without 
changing the opening paragraphs to correspond. The subject is, I 
believe, of sufficient importance to be formally introduced by a 
suitable paragraph. 

Pages 290 to the last paragraph on page 293, discuss various kinds 
of pipes, ete., and would be much better placed in the proposed pre- 
liminary chapter. This would avoid the present long digression into 
matters equally pertinent to large and small mains which now inter- 
feres with the discussion of conduit or aqueduct mains. 

On page 291 the short paragraph on pipe linings and coatings 
should also be placed in the preliminary chapter; but it would seem 
that this important matter should be expanded to include as much 
information as is available. 
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The remainder of the section on “Large Mains” tries to cover in afew 
words all features of such construction; and it is sufficiently complete, 
since every design for such structures is a separate problem, and the 
hints given are comprehensive enough to show the principle require- 
ments. Mention might be made of the desirability of a measuring 
device on such lines. 

From page 296 to page 305 the Manual discusses distribution 
systems, in a somewhat general way analyzing the requirements and 
citing authorities for the fundamental principles brought out. This 
appears to be about as complete as could be asked for in a work of this 
character. In this portion on page 304 under “Compounding 
System of Mains” reference is made to Freeman’s graphical solution, 
1892, 7, New England Water Works Association, 49. Since this 
valuable paper is out of print, and on account of its age is not readily 
available to many of our members, it might be well to reproduce the 
essential portions in the Manual. While it is understood that the 
Manual is not a textbook, it seems almost necessary to include certain 
material such as this which is not easily obtained elsewhere. 

On page 313 the paragraph on ‘‘Pressure Records” might well be 
enlarged. The very valuable information obtained by recording 
pressure gauges is very often neglected and ignored. In too many 
cities, even of considerable size, the only gauges maintained are at the 
pumping station and perhaps at the water works yard; and their only 
apparent use is to establish an alibi when the fire department claims 
poor water pressure ata fire. It is not possible with the limited space 
available to give a full discussion of this subject at this time, but the 
advantages of proper observation and use of recording pressure gauges 
is obvious and some of these points should be added. 

On page 317, the descriptions of kinds of pipe and jointing materials 
should be transferred to the proposed preliminary chapter. 

It is a question as to how much space we can afford to give to such 
special work as described on pages 318 to 323 on “Pressure Tunnels.”’ 
We may be sure that our editors have not used five pages of their 
space without giving careful thought to the matter. It would seem, 
however, in case of such highly occasional work, that the material 
might be compressed into considerably less space and still give the 
essential information. As is stated in the discussion of the matter on 
page 320, “‘A pressure tunnel is essentially a special structure and 
must be designed to meet the conditions of each site.”’ 

Chapter 14, on “Filtered Water Storage and Filter Capacity,” 
appears to be ample without having so much matter as to be unwieldy. 
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Chapter 15, on “Pumping Station Practice’ was discussed at the 
December meeting and no further comment is necessary. 

Chapter 16 on “Services” is interesting and valuable. Without 
entering into arguments for or against any particular material or 
method for service. pipes, the editors have presented the advantages 
and disadvantages of each in an orderly, concise manner. In the 
section on ““Thawing Frozen Services and Hydrants’’ it might be well 
to insert a diagram showing the electrical connections for this work. 
Such information is often requested in the water works publications, 
and if it could be in the Manual, it would be very convenient. 

“Chapter 17 on ‘Plumbing in Relation to Water Supply” is com- 
plete enough for the purpose evidently intended, namely, to give an 
idea of what happens to the water when it passes into the houses. 
The bibliography at the close of the chapter offers a chance for anyone 
to get further information along these lines without burdening the 
volume. 

Chapter 18 is devoted to the two very important subjects of 
Corrosion and Electrolysis. Both of these seem to be treated very 
fully and it is hoped that a discussion on them may be given by some 
of our members who are more fully qualified in these lines. 

On page 414 is a bibliography on corrosion, which could be made of a 
great deal more value by giving the complete list rather than referring 
to the previously published bibliographies, which would first have to 
be located and culled over before further researches could be made. 
Since the bibliographies referred to are on metals in general, the 
selection of these pertaining to water works should be made for the 
Manual. 

No bibliography is presented with the section on electrolysis, and it 
seems a rather unfortunate omission. 

The chapter on Water Consumption, which closes this section of the 
Manual is one very close to the hearts of every water works man. 
I wonder, since the consumption data are so important in the design 
of water works, why it has been placed in the !sst position instead of 
at the beginning of the section which would seem the more natural 
place for it. Perhaps some of the sub-divisions of the chapter might 
be separated from the portions on water consumption and placed in a 
later chapter. 

In closing, I would say that we have, in general, a very valuable 
Manual, which can be improved by coéperation of those who are in 
position to use it and who will give it good constructive criticism. 
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J. A. WapeE:® It is the somewhat unpleasant duty of the members 
assembled today to offer criticism of the work of members of this 
association which has involved considerable hard effort and sacrifice 
of personal time. We cannot spend a great deal of time today in 
commenting on the many excellent features of the text. The object 
of this meeting is to develop ideas for the improvement and strengthen- 
ing of the Manual. Being as it is primarily the manual of a given 
association, it must of necessity be of value to the members of that 
association. The association is made up largely of water works 
. owners or executives and operating managers and engineers. It is 
not probable that all the material in the text can be of value to all 
these classes, but certainly a matter which is not of value to some one 
of these classes can hardly be included in a text which is bound to be 
expensive in any case. 

In looking at Chapter 13, the thing that struck me first-off was the 
large amount of space given to a discussion of pressure conduits 
and tunnels and separate fire protection system. These two subjects 
occupy one-quarter of the entire chapter. Comparatively few 
engineers are actively concerned with either one of these matters. 
Separate fire protection is largely a matter for larger municipali- 
ties and pressure tunnels occur in only a few instances. This 
matter could be condensed without injuring the general character of 
the book. On the other hand, the carrying capacity of the various 
types of pipe is treated altogether too briefly and some materials 
received very scant attention. In recent years concrete pipe and 
cement lined pipe, also welded steel pipe in larger sizes, have become 
increasingly important. The matter of coefficients to use for the 
different materials and different conditions of pipe could very well 
be discussed at considerable length, as they are the matters which 
determine design of new systems or extensions to old. There is a 
division of material when Chapter 13 contains a discussion of con- 
sumption and fire demands. This would apparently belong in the 
chapter on water consumption. I might point out that the table of 
the requirements of the National Board of Fire Underwriters is 
printed in the text three times,—once in this chapter, once in the fire 
protection chapter, and once in the appendix. 

A matter which could be discussed at a considerably greater 
length is the matter of distribution storage. In designing a plant or 


5 Engineer, The Federal Water Service Corporation, New York, N. Y. 
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any of its principal features, two controlling questions are, the average 
demand and the fluctuation from the average, and the amount of 
distribution storage which exists, or which will be provided. Chapter 
14 gives a very clear description of the relation of distribution storage 
to filter plant capacity, but the effect is exactly as important and far 
reaching in the design of transmission and distribution mains and in 
the design of the pumping station. These matters, so far as the 
speaker knows, are not discussed in the text. I would suggest a 
separate chapter on distribution storage with full discussion of its 
relation to the design or required capacity of mains, filtersand pump- . 
ing stations; also various types of reservoir, materials, methods of 
construction, ete. The discussion of relation to filter capacity is 
excellent. The method of giving statistics of existing installations in 
various municipalities I think could be very well extended to the 
treatment of other subjects. 

Chapter 19 on the consumption could be extended somewhat with a 
discussion of demands for maximum season, maximum week, day, 
peak hour, ete. with some statistics of conditions as they have been 
found in cities of various sizes. I agree with Mr. Wilson as to the 
location of this chapter. It is certainly the first thing that has to be 
determined before any part of the plant can be designed and it would 
seem that it should belong in the beginning of the chapter. 

I think a great deal could be added to the value of the book if there 
were a bibliography at the end of each chapter. There are some 
references, but not easy to find and these could well be extended. 
There should also be a great many cross references. The chapter on 
distribution contains the only discussion so far as I know of the loca- 
tion and spacing of fire hydrants. That is a matter of fire protection 
not of distribution. Cross references in the chapter on distribution 
as to where a discussion of fire hydrants can be found would be 
sufficient. 


Reeves J. Newsom: As it is the purpose of this manual to act as 
a handbook to operators, it should contain, where practicable, certain 
tables and diagrams and rules that will enable the operator to find 
there the solution to his ordinary problems. In connection with my 
work the last year and a half, I have had occasion to examine and 
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analyze the operation of many water works plants, and to observe 
what seemed to be the common troubles and faults of those plants and 
their methods of operation. I found that there are two things which 
are extremely noticeable about which the operators seem to be doing a 
lot of guessing or else are following customs that have obtained for a 
great many years without any apparent reason. 

I refer to the sizing of service pipes and the methods of testing water 
meters. You find all sorts of conditions in various plants. A plant 
will adopt sometime in its history a certain size of service for certain 
classes of consumers and then will apply that rule without respect to 
the variation in pressures in the various parts of the system and 
differences in demand from consumers of apparently the same size, 
but whose actual requirements inside their properties may vary 
considerably and also, without giving much thought to the length of 
the service. 

I find that the methods of testing water meters in many plants are 
far from being accurate. A very common method of testing water 
meters is to test them all at full stream. Of course, a full stream 
condition on the testing bench means that water is discharging with 
practically no back pressure and the amount of water passing through 
a 3 inch meter may be 23 or 24 gallons per minute. You cannot get 
any such condition as that when the meter is in the house where the 
various sizes of pipes and openings in the building create back pres- 
sure, and so a test of a water meter at such a stream as that means 
nothing as compared to the actual conditions in operation. As a 
matter of fact, a stream of § inch in diameter is an enormous amount 
of water compared to what can be drawn from fixtures in a house. 
In some cases the full stream test and no other is used, or the small 
stream test may be no smaller than } inch. When a meter is tested 
under such condition and then put back into service the results are 
not comparable. 

It seems advisable for the Manual to contain, in the first place, with 
regard to services, a table which would indicate the proper size of 
service line, depending upon the demand that is going to be required. 
There we are very short of information. The average water works 
man does a lot of guessing for customers. I do not think very much 
work has ever been done setting forth the actual demand in gallons 
per minute that results from using a toilet, bathtub, faucet or various 
combinations of these things. Now there is coming into use the 
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flushometer which creates an entirely new set of conditions as it 
demands so much water in a short space of time. 

If the Manual contained some information about the demand in 
gallons per minute resulting from various combinations of fixtures, the 
operator would be able to decide what particular demand in gallons 
per minute he should design his service for. Then, the table on 
services should vary not only with the demand but also with the 
operating pressure. If the property sits well back from the street, the 
size of service line under a given demand and pressure should be 
different than if the building is out at the street line. 

There should be in the Manual a table which would indicate to the 
water works operator the sizes of the openings he should use in testing 
his meters, which sizes of openings would vary with the pressure. 
It should set forth the various rates in gallons per minute at which he 
should test his meters and then give the size of openings that corre- 
spond, as the pressure varies. It is difficult for the average operator 
to determine just what size of opening should go with the rate he 
wants. Such tables should be of great help. They would have to be 
used with caution and notations should be made in the manual that 
operators are not to attempt to apply them without understanding 
fully that they are limited only to average conditions. 


J. WALTER ACKERMAN:’ Mr. Huy spoke about taxation. There was 
some question in my mind relative to the advisability of having that 
section in there for this reason. Your laws are constantly changing. 
Every session of the legislature is full of changes. So unless it is a 
very late publication, if you attempt to follow it, you find you are in 
a morass and misled by those facts. The book is intended to cover 
the country and gives all the laws of the different states. I am a 
little doubtful if I would recommend the continuance of trying to give 
the laws in all the states relative to taxation, due to the fact that they 
are constantly changing. 

I quite agree with a number of the speakers who have mentioned 
the fact that after each section the bibliography should be given. If 
a man is seeking information, he gets some of it, but he wants to 
pursue the matter further. Give him the opportunity of the bibliog- 
raphy right before his eyes. I am quite agreeable to Mr. Wilson’s 
statement that we might make the book smaller so that it would not 
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be quite so cumbersome. It seems a crime to me to waste all the 
space in the book for the table of standard sizes of water pipes when 
you have them by the hundreds all over your offices. All pipe 
companies are furnishing you with that, so why have it there, al- 
though, as Mr. Huy says, you want it all in one book. There is not 
a water works man that does not have a number of those tables 
already in his office where he can lay his hands on them. 


A. C. Hutrson:® The Chapter on Fire Protection goes into some 
detail as to why the American fire rates are higher than in other 
places. I presume the main thought was that we wanted to 
make the water works men realize that fire protection was a very 
vital item in this country. I am going to cover that in a slightly 
different way to emphasize the burden that is laid on water companies 
and water departments. There has been a great deal of talk in the 
past years on the question of carelessness. The American public has 
been “lambasted”. The thought seems to be that we start fires just 
for the fun of starting them. The question was put up to me two 
years ago and I started digging into a few records. One of the things 
that stared me in the face was that throughout most of our cities you 
were getting 65 per cent of the total fire loss in from one to two per 
cent of the total number of fires. In other words, you have a great 
many small fires that do not amount to much, but a very few large 
fires that run into thousands of dollars. 

In the City of Boston we found that out of about 4500 fires there 
were 60 fires of $10,000 or more and those 60 fires, which is a little over 
1 per cent, gave you 65 per cent of the total loss. There are several 
reasons for that. The first is the delay in discovery of the fire. You 
ask the fire chief and he will tell you that such a fire had the building 
_ well involved when he arrived. It is not so much the delay in getting 
to the fire. Another feature of prime importance is the structural 
condition of the building. Many of our structures were built years 
ago without a thought of fire protection, when material was cheap 
and when the owner had very little money to put into the build- 
ing. The result was that he built his buildings to burn without 
realizing it. 

As you walk around the streets of different cities you find that most 
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of the stores have a perfectly beautiful flue right through the 
center or at one or both ends. That flue is caused by an unpro- 
tected stairway or elevator shaft. Even in some of our so-called 
modern fire proof buildings, you will find that condition. Fire 
starting on lower floors immediately mushrooms on an upper floor 
unless the fire department gets there quickly. 

The matter of large areas is also a very important one to the fire 
chief and American public. When you have buildings of excessive 
size you cannot throw a fire stream from the outside into that building 
and wet all parts. A building is very often sub-divided by partitions 
or some other obstruction is in there to keep the fire department from 
getting lines into the center of the building. 

The hazard of the contents adds to the fire burden. When you 
have a building occupied by a man making celluloid buttons you will 
get a fire too quick for any ordinary department to extinguish. 

There are remedial provisions for all of these features. The first 
would be some means of discovering that fire. We have automatic 
fire alarm systems by which the fire is discovered and notification 
sent to the fire department. You also have watchmen with signal 
devices or fire alarms outside of buildings. You have improved 
construction. You can cut up your areas, you can separate your 
hazardous occupants. Probably the best means of protecting build- 
ings today is automatic sprinklers. I am not selling them, but talking 
as anengineer. They do two things, if properly putin. They call 
the fire department and also extinguish the fire or hold it in check. 
It is in connection with the automatic sprinkler system that the 
water works either private or public must come in, because a water 
works system is the best means of furnishing a supply to an auto- 
matic sprinkler system. It is more dependable, it has greater 
capacity and, therefore, it serves the purpose of a supply to a sprink- 
ler system better than any other means. It is necessary, therefore, 
for the water works interests to do all they can to aid in the in- 
stallation of automatic sprinklers. 

Only a few months ago I had to go to Fall River and report on a 
conflagration there. That was due entirely to a very large area 
mill building in which originally there were automatic sprinklers, but 
which had been removed. In addition, the wreckers had taken win- 
dows and doors out and you had an ideal situation for fire. You can 
take almost any city and find a similar condition. _* 

I am not going to burden you with a long talk on fire protection, but 
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I was asked that I criticise or comment on the Manual or other parts 
where we felt the fire protection had not been taken care of as well 
as they ought to have been. I want to agree with Mr. Wade in the 
ideas that storage has not been covered as it should be in the Manual. 
We consider storage the most important feature. At the present 
time the Manual covers storage under filter plant systems only. It 
does not cover it in connection with ground water supply. We have 
found that ground water supply is seldom developed to a point where 
it can furnish fire protection from the source of supply. 

I do not remember a single city that we have inspected which had a 
ground water supply, but that we recommended an elevated storage 
on the distribution system or suction storage for the pumps. I 
think that should be brought out in a section dealing with ground 
water. Cross reference to a general chapter on storage would be 
best. In general, we feel fairly safe if there is from five to ten hours’ 
fire supply in storage reservoirs over and above the peak hour de- 
mand. Five for the smaller cities and ten for the larger. This 
question of storage also is important in connection with pumps, 
boilers, supply mains and, in fact, from our standpoint it affects 
almost every phase of the fire protection furnished to a city. , 

We would like to see the storage in every case at the opposite side 
of the city from the source of supply. That gives a duplication. I 
have in mind a place in Ohio that had hills all around, but when they 
built the reservoir they built it just up the hill from the pumping 
station and both are two miles from the city and the entire supply 
from reservoir or station must go through the same supply main. 
The result is that they have been cut out three or four times in the 
last few years. Now they are contemplating a reservoir on the 
opposite side of the town from the pumping station with a main of 
good size to give a proper delivery. 

It is very important in connection with storage that. proper con- 
sideration be given to the size of the main leading from the point of 
storage because it should deliver at a large rate, preferably a rate 
equal to the fire demand at least. Then your supply works could 
furnish a normal domestic rate and your storage could furnish the fire 
rate. 

In connection with this amount of storage, it will probably interest 
you to know that in Fall River the peak demand was kept up for 
ten or twelve hours and that demand ran 10,000 or 12,000 gallons a 
minute over and above the domestic rate, which gives you some 
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idea of the amount of water that is necessary to furnish protection to 
our American cities when they have a fire and can call in enough ~ 
fire apparatus. It is unfortunate, but I think true, that the water 
works must stand a burden rather out of proportion to what should 
be placed upon it. For instance, in Fall River 33 municipalities sent 
apparatus. That meant that approximately 40 pumping engines 
were operating. If the water works had fallen down the papers 
would have made a great deal of it. The blame would have been 
placed on the water works. It is not fair because the blame was due 
to the condition of the buildings and not to either the fire department 
or the water supply. The water works is called upon to furnish all 
the water the fire department may need and sometimes all the water 
the fire department and outside aid may call for. 

The chapter on pumps is rather weak from the standpoint of fire 
protection. There is nothing in that chapter on the character of 
pumping station. We feel of course that the pumping stations and all 
buildings on which supply depends should be fire proof throughout. 
We know of cases where a building has been fire proof, except in the 
roof and a fire has started there, probably by lightning, and the roof 
has fallen in and put the plant out of operation. We do not feel that 
sufficient attention has been placed to the need of reserve pumps and 
boilers. It has been our belief for a number of years that for a city 
to be in a fully reliable condition you should be able to put two of 
your larger pumps out of service and still be able to have maximum 
domestic service and fire protection. Every machine must be over- 
hauled at intervals and during that time you must of course use an 
older pump in service to take its place. There is greater probability 
of accident occurring at that time. So for perfect dependability 
we ask for a sufficient number of pumps for two to be out at the 
same time and still be able to furnish fire protection. 

A few days ago, in discussing this question, one of the consulting 
engineers told us our demand was more or less foolish and there was 
not a system in the country that could meet that requirement. We 
could mention nearly 100 off-hand that can meet that requirement. 
That duplication should include steam lines, boiler feed pumps, 
boilers, suction and discharge lines and other major parts of a plant. 
There should be no point in the system where a single break can 
seriously cripple your fire protection. We do not believe the repair 
of a single gate valve should cripple your water system. 

A very interesting article by Dennett and Swan covering elec- 
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trical equipment from this standpoint was printed in the Journal of 
the New England Water Works Association. I suggest that, in 
reviewing this subject, the editors read that article to cover the 
points brought up in it. 

In laying out large supply mains there should be enough gate 
valves so that you can cut out a portion of the line. They should be 
cross connected where possible, but the cross connection should have 
a double gate on it, otherwise the breakage of that single gate would 
put both lines out. There are a number carrying out that principle at 
the present time. 

We do not pay much attention to calculations in our study of 
distribution systems. When I started this work that was my first 
job. I calculated the carrying capacity and when I finished I had 
to acknowledge I would not know whether I was right or not. I 
do not believe any man can take a system and do very much eal- 
culation as to the carrying capacity of that system. We think it 
much more exact either to have measuring devices in your principal 
mains or to run fire flow tests. There have been a number of articles 
read before this Association on fire flow tests. They are the best 
means of determining where you should strengthen your system. 
Personally, I would leave out most of the part of the Manual that 
talks about calculations because I do not think many of you will ever 
use it. Any water system should be laid out more or less in advance. 
There should be more or less general scheme of improvement. This 
does not mean that all pipe sizes should be determined in advance, 
because I do not believe it is possible. Large mains should extend 
to the center of largest demands. In general, the centers of larger 
demands are the mercantile and manufacturing districts. In this 
connection the idea that better consumption records should be kept is 
a good one, not only with reference to total consumption and various 
fluctuations, but records as to demands in various sections of the city. 
I agree with Mr. Wade that recording pressure gauges should be used 
throughout a system. Kansas City has 8 or 10 recording pressure 
gauges around the city. From these gauges they plot the average 
drop in pressure and the peak drop and by doing this they can 
determine approximately where they should lay their large mains. 

Our suggestion would be to lay out a distribution system with 12 or 
16 inch mains forming rectangles about 3,000 feet apart and lay 
these out irrespective of your principal feeders. Then as your 
pressures start dropping to what you thought was a fair or a reason- 
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able drop, run a large main, even though it might parallel a 16 inch, 
into the section needing this additional supply. 

I have noticed recently a tendency on the part of water works 
superintendents to try to belt line a city with large main on the outer 
edges of the system. Those mains running in the outer edges of the 
system do not add much to the fire protection of a municipality. 
- A short time ago the engineers of a large western water system were 
in the office and they had in mind a 42 inch main which was going to 
be run through a section now largely vacant. They were running 
this main with the idea that they would have a population of 20,000 
in that section, but this 42 inch main did not deliver any water to the 
rest of the city. I think we finally convinced them that they would 
be better off to lay a 24 inch main now and later another 24 inch 
quite a distance away. 

A point not covered by the Manual is that of records. We have 
requests every once in a while from superintendents and others for a 
good set of records. We do not like to set ourselves up as knowing 
everything so we do not try to furnish records. But I believe a 
chapter in the Manual in which sample records are given would be of 
great value. Thisshould include records of gate valves, hydrants, con- 
sumption, pressure, pipe laid, practically all of the work carried on. 
I know that some of our friends who recently have taken over some 
new water systems would have been tickled if there had been a chapter 
on records available a few years ago and the superintendents of some 
of these plants had lived up to it. So we would like to see some- 
thing covering records. 

I do not know of any other particular section at this time that I 
want to cover. The Manual jis good. I think everyone who has 
anything to do with water works should have that Manual and read 
it, if nothing more than for the appendix on fire protection require- 
ments. All of your American cities today are graded on that 
schedule. It is more or less of an engineering proposition and I 
think it would be of great value to all superintendents if they applied 
the schedule to the best of their ability to their own system. 
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PROGRESS REPORT OF AMERICAN ENGINEERING STAND- 
ARDS COMMITTEE ON MANHOLE FRAMES AND 
COVERS! 


During the past year, the Sub-Committee appointed to study the 
details of manhole frames and covers for use on sewer, water, gas, 
steam and air, has been active under the leadership of Mr. William 
W. Brush, a member of this Association. The standard designs of a 
number of cities and public service corporations have been studied 
and tentative standards prepared for discussion by the members of 
the Sub-Committee. The Chairman now has under preparation a 
report to the main committee outlining certain standard types of 
manholes frames and covers suitable for use in the several classes of 
work mentioned above. Such standards when finally approved will, 
it is believed, be of value in reducing the numbers of such designs now 
being made and will provide standard designs that can be generally 
used where no previous standards existed. 

In view of the state of the work, this report can only be considered 
as a progress report. 

Respectfully submitted, 
FRANK A. MARSTON,’ 
Representative of the American Water Works 
Association on Sectional Committee of 
American Engineering Standards Committee. 


1 Presented before the San Francisco Convention, June 15, 1928. 
2 Of Metcalf and Eddy, Consulting Engineers, Boston, Mass. 
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PROGRESS REPORT OF THE COMMITTEE ON STANDARD 
FORM OF CONTRACT! 


The Committee on Standard Form of Contract has held no meeting 
during the past year. However, the committee has been in touch 
with what is going on and has made inquiries from time to time 
regarding the use of the standard form of construction contract. 

There is evidence of a marked increase in the use of this form. 
Many engineers of long experience in drafting contracts and specifi- 
cations are sold to the standard form of construction contract as a 
guide or are using the form exclusively. It is apparent that these 
forms are meeting a long felt need and particularly in the case of small 
contracts are serving a very valuable purpose in helping those who 
have not had extended experience in drafting contracts to prepare an 
intelligent and practical form. 

In the case of construction contracts it is not possible, as in the 
case of building contracts, to have a form which is the actual contract 
document, because the engineering form of construction contract has 
to cover so many differing conditions and types of construction, such 
as sewers, tunnels, pipes, buildings, machinery, etc., and the best 
that can be done at-present with the engineering contract is to 
establish a guide on which to base the form of contract. 

There is a tendency to increase the use of the arbitration clause, 
but it is probable that growth along this line will be slow, because the 
legal departments of municipalities will be reluctant to allow such a 
clause to be written into the construction contracts. However, it is 
believed that substantial progress is being made and it may be 
expected that the form will grow in favor and be used more and more 
each year. 

Respectfully submitted, 
J. Smita,” 
Chairman. 


1Presented before the San Francisco Convention, June 15, 1928. 
Consulting Engineer, New York, N. Y. 
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ABSTRACTS OF WATER WORKS LITERATURE! 
FRANK HANNAN 


Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


Etiology and Prophylaxis of Endemic Goiter. F. M. Mrssmrui. Revue 
Médical de La Suisse Romande, Lausanne, 48: March 25, 1928. Abstracted in 
Journal American Medical Association, 90: 1753, May 26, 1928. Messeru1, 1911, 
showed that drinking water in regions of endemic goiter practically always 
came from shallow wells and was always infected. In 1914 he produced 
goiter in white rats by causing them to drink water from a part of Switzerland 
in which goiter was endemic. In 1923-1924 he produced the same condition 
in white rats by giving them water which had first been boiled and then passed 
over human feces. Infected water, however, cannot be considered as the 
only etiologic factor. Intestinal stasis also playsardéle. ‘“Thyroidal consti- 
pation’’ is of frequent occurrence in goiter patients and disappears under 
treatment of the goiter. An effective prophylaxis of endemic goiter necessi- 
tates two types of measures: (1) general measures which improve the hygiene 
and particularly the drinking water of the people in the endemic regions; 
(2) measures such as the iodine treatment, which tend to effect the prevention 
of goiter on a grand scale.—John H. O’ Neill. 


Activities of Plankton in the Natural Purification of Polluted Water. W.C. 
Purpy. American Journal of Public Health, 18: 4, 468-475, April, 1928. A 
summary of the results of the plankton studies made by the United States 
Public Health Service on the Potomac, Ohio, and Illinois rivers. Bacterial 
pollution was shown to decrease as pollutional forms of plankton increased 
in number, this increase being followed again by a decrease in the number 
of these forms. Laboratory studies indicate that the pollutional forms of 
plankton consume bacteria as food and thus the above relation is explained 
as follows: Sewage pollution introduces large numbers of bacteria into streams 
and ciliated protozoa increase in number as their food supply becomes more 
plentiful. The exhaustion of this food supply leads to the subsequent death 
of these so-called pollutional forms of plankton. The opinion is expressed 
that the liberation of oxygen by photosynthesis and the churning action of 


1 Vacancies on the abstracting staff occur from time to time. Members 
desirous of coéperating in this work are earnestly requested to communicate 
with the chief abstractor, Frank Hannan, 285 Willow Avenue, Toronto 8, 
Ontario, Canada. 
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very numerous motile organisms are important factors in the oxidation of 
organic matter in polluted streams.— Chas. R. Coz. 


Endemic Goiter and Public Health. O. D. Kimpatu. American Journal 
of Public Health, 18:.5, 587-601, May, 1928. This is a short history of the 
medical aspects of goiter and its prevention by the use of iodized salt or medi- 
cal treatment. No mention is made of the periodic addition of sodium iodide 
to public water supplies of several cities in this country, to prevent goiter 
among the consumers of water.—Chas. R. Coz. 


Health Policies for Control of Public Water Supplies. American Journal 
of Public Health, 18: 4, 459-467, April, 1928. A report of the Committee upon 
Water Supply of the Engineering Section, American Public Health Association. 
The state control of public water supplies is discussed in detail. Codperation 
between state and waterworks authorities is advocated. Sanitary surveys, 
the stimulation of technical control of water purification, the insistence upon 
equipment to give uninterrupted service, a program of harmonizing the vari- 
ous legitimate uses of watersheds, and the advocacy of local and state laws 
prohibiting cross-connections between public and private water supplies, 
except when the private supplies are potable, with the emphasis upon educa- 
tion rather than arbitrary enforcement of these laws are the essential features 
of this report.—Chas. R. Coz. 


The Residual Germicidal Action of Water Treated with Ultra-Violet Light. 
Joun F. Norton. American Journal of Public Health, 18: 4, 476-479, 
April, 1928. Laboratory tests at the University of Chicago indicate that the 
exposure of Chicago tap water to ultra-violet rays does not impart any lasting 
germicidal property to the water; nevertheless, a slight and transitory germi- 
cidal property was imparted to water which was strongly radiated. The 
experiments were carefully controlled, and they are to be extended to study 
the mechanism of the transitory germicidal property.—Chas. R. Coz. 


Water Works Surveys, Old and New. Lewis A. Quietey. American City, 
38: 4, 111, April, 1928. A water-waste survey of Forth Worth, Texas, dis- 
closed the loss of 915,000 gallons per day, valued at about $16,000 per year. 
Joint leaks, found to be responsible for 48 per cent of the leakage, appeared 
to be due to the fact that the joints were calked before the lead had cooled 
sufficiently.— Chas. R. Coz. 


Advertising Water-Works. D. Fire. American City, 38: 4, 121-122, 
April, 1928. An illustration of the value of an educational campaign to 
instruct consumers in the basic facts of the water supply system of Kirksville, 
Mo.—Chas. R. Coz. 


Clarification of the Catskill Water Supply of the City of New York by Coagu- 
lation and Sedimentation. W. W. Brusa. Jour. New Engl. Water Works 
Assoce., 42: 1, 65, March, 1928. Two water-sheds supply water for the Catskill 
System; both contain numerous clay banks. Hence flood-flow occasions 
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considerable turbidity. Area of Esopus watershed is 257 squaremiles. Asho- 
kan Reservoir is divided into two basins having capacities, respectively, of 
48,300 and 82,200 million gallons. Kensico Reservoir has available capacity 
of 30,000 million gallons. Time required for water to pass through Kensico 
Reservoir is two weeks; after which an aqueduct 14 miles long conducts it to 
the Hillview distribution reservoir of 900 million gallons capacity just north 
of city line: Rainfall of November 15-16, 1926, caused the heaviest run-off 
recorded in twenty years. Water became brick red in color with a turbidity 
of 120 p.p.m. The clay particles were about one-half the size of bacteria 
and were inconstant motion. It was evident that water in Ashokan Reservoir 
would not clarify by sedimentation for several months and that coagulation 
treatment was necessary. One grain of alum per gallon produced a satisfac- 
tory floc and reduced the turbidity from 100 to 1 p.p.m. in twenty-four hours. 
Samples tested were allowed to stand for twenty-four hours and if water then 
clear, results were considered satisfactory. As turbidity declined below 50 
p.p.m. dosage of alum was reduced successively to 0.9, 0.8, and finally to 
0.5 grains per gallon. Treatment stopped on May 28, 1927. Maximum 
treatment required 44 tons of alum and 22 tons of soda ash per twenty-four 
hours. Catskill water is very soft and slightly acid. Addition of alum in- 
creased the acidity. Soda ash was not available until December 21, 1926. 
It was added at rate of 0.5 grains per gallon, whereupon the pH which had 
dropped from a range of 6.3 to 6.7 before use of soda ash rose again to 6.5 in 
February and 7.0 in April. Soda ash was dumped from a bag by one man 
at intervals of about two minutes. By this simple method a thorough mixture 
with the water resulted before Pleasantville plant, 75 miles away, was reached. 
Turbidity in Ashokan Reservoir remained high throughout the winter and 
early spring. Final clearing up took place during last two weeks in May. 
There was no indication that the clay and alum would again come into sus- 
pension in the water. Diagrams and tables are given.— Carl Speer, Jr. 


What Every Engineer and Water-Works Superintendent Should Know About 
Chlorination. Richarp V. Donnetiy. Jour. New Engl. Water Works 
Assoc., 42: 1, 79, March, 1928. Liquid chlorine is supplied commercially in 
steel cylinders sized to contain net weights of 100 and 150 pounds and of 1 ton; 
the last for large users. Cylinders for water works purposes are kept espe- 
cially clean. Liquid chlorine becomes gasified upon reducing pressure, as hap- 
pens by means of valve of cylinder. The gas passes to chlorine regulator. 
Functions of regulator are: (1) to reduce chlorine pressure, (2) to measure 
flow of chlorine under reduced pressure, (3) to maintain a constant drop in 
pressure across a measuring orifice, (4) to maintain a constant back pressure 
on measuring orifice, and (5) to provide means of altering rate of chlorine flow. 
With the “‘solution-feed”’ type of chlorinator, the chlorine gas is first mixed 
with a small flow of water and this mixture then applied to water to be chlo- 
rinated. Solution feed apparatus requires a water supply under at least 20 
pounds per square inch pressure. Fifty gallons of water should be available 
for each pound of chlorine used. Pressure at point of application is not more 
than one-third the pressure of the water supply available to operate the 
machine. Direct-feed apparatus does not require any water supply. Pres- 
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‘sure in the chlorine cylinders with direct feed apparatus is sufficient to over- 
come pressures at the point of application up to 25 or 30 pounds per square 
inch. Direct feed apparatus is generally more simple to operate and install 
and somewhat less expensive. Special adaptabilities of the two types are 
illustrated by several examples. 

Equipment specifications should include: (1) proper protection from the 
elements of chlorinating apparatus, (2) temperature of 45°F. or above, (3) 
safe draft of 50 pounds of chlorine per day per cylinder, (4) temperature of 
cylinders not to exceed that of chlorinator. Common troubles with chlori- 
nators: (1) leakage of chlorine, (2) corrosion by moist chlorine, (3) clogging 
of tank connections, due to impurity of chlorine, or in the machine, due to cor- 
rosion. New uses of chlorine: (1) for control of algae; especially those not 
readily destroyed by copper sulphate, (2) ammonia and chlorine are being 
used in England and United States to prevent chloro-phenol tastes, (3) newly 
laid water mains are often sterilized with chlorine just before putting them 
into use, (4) used in several Florida towns to remove sulphur tastes, and (5) 
disinfection of sewage.— Carl Speer, Jr. 


Iron-Removal Plant for Amesbury, Mass. Grorce Sampson. Jour. New 
Engl. Water Works Assoc. 42: 1, 53, March, 1928. The population is about 
12,000: driven wells are the main source of supply. Sanitary quality of 
water is excellent, but iron content increased until finally up to 58 pounds of 
iron per million gallons of water was being delivered to the distribution system, 
Capacity of iron-removal plant is nominally 1.5 m.g.d., but it is expected that 
a satisfactory effluent will still be obtained at the rate of 2 m.g.d. General 
arrangement of plant with its parts isshown in diagram. Parts and processes 
include (1) aération, (2) tricklers, (3) subsiding basins, (4) two filters (slow 
sand type). Final removal of iron takes place near surface of sand in the 
filter. The film of combined iron and organic matter is removed by scraping 
orraking. The latter is less expensive and not wasteful of sand. (5) filtered- 
water basin. Total cost about $85,000. Pumping equipment required low- 
lift pumping of the unfiltered water from the driven-well system to aérators; 
high-lift system pumps the filtered water from storage basin to distribution 
system.— Carl Speer, Jr. 


Relining Payson Park Reservoir, Cambridge Water Works. Lewis M. 
Hastings. Jour. New Engl. Water Works Assoc., 42: 1, 45, March, 1928. 
Population of Cambridge is 125,000. Average consumption is about 12 m.g.d. 
The water, obtained from two sources (Fresh Pond and the watershed of 
Stoney Brook), is filtered, aérated, sterilized, passed through pumping station 
to Payson Park reservoir, and thence through various distributing pipes to 
the city. The reservoir has a surface area of 7.4 acres, and a capacity of 43 
million gallons. Average depth of water is 20 feet. Enclosing embankments 
are of earth obtained from excavations and are lined with concrete. Floor is 
of concrete; a heavy partition wall (dividing it into two equal basins) is of 
granite; the inner slopes are protected by slope paving. Because of poor 
initial construction leaks were very bad. For lining the basin gunite not less 
than 2 inches thick at any point reinforced in the center with wire mesh was 
used. The base for the gunite lining was of several different types: (1) con- 
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crete slab floor base, (2) granite paved slopes, (3) sides of the partitition wall. 
In (2) and (3) the average thickness was more than2 inches. Gunite consisted 
of one part Portland cement and 2} parts of sand; to be mixed dry and water 
added at nozzle of gun as required. Tests were applied to insure proper 
thickness. Contract price for entire work was $131,576.—Carl Speer, Jr. 


An Important Water Company Decision. Lzo T. Parker. Water Works 
Eng., 81: 4, 203, February 15, 1928. Water company entered into a contract 
with the city to supply wholesome water to the municipal administration for 
public buildings, street sprinkling, and for the extinguishing of fires and to 
the inhabitants, for domestic purposes. The company was to maintain in 
proper working order all the fire hydrants, but at the time of fires, or inspection, 
the city, through its fire department had exclusive control of all hydrants. 
A building caught fire. The fire department of the city was not negligent 
in its efforts to extinguish the fire, but failed, owing, it claimed, to the water 
company’s neglect to furnish sufficient quantity of water with adequate pres- 
sure to stay, suppress, or extinguish the fire. The owner of the building sued 
the water company for $46,477. The Court held the water company not liable 
and said, ‘‘In our view, it was not intended that this defendant (water com- 
pany) should assume a liability to protect property owners against fire loss. 
We think that this contract in respect to extinguishing fires was a city con- 
tract, primarily made for its benefit, and not for the benefit of a property 
owner of the city.’’— Carl Speer, Jr. 


Reservoir Built Below Water Level. T. R. Hazextine. Water Works 
Eng., 81: 4, 199, February 15, 1928. Elkhart, Ind., has population of 40,000. 
Old source of water supply, which was privately owned, became inadequate; 
city purchased plant and made necessary improvements. Construction of 
reservoir is of interest because of method used in combating ground water and 
scientific control of concrete on so small a job. Reservoir is 111 feet square 
and about 15 feet deep. Floor and roof are of flat slab construction, sup- 
ported by columns on 15-foot centers. Normal ground water level is about 
12 feet above the reservoir bottom. Reservoir was designed to serve as a 
clear well for a future filter plant. Two motor driven centrifugal pumps, one 
8-inch, capable of handling 1600 g.p.m. and the other, 6-inch, capable of 
handling 1200 g.p.m., were used to pump out the water. The floor of reservoir 
was poured continuously and required one hundred seventy-five hours. Con- 
crete was spouted into place from mixers on the banks. Walls were poured in 
four sections, each section being composed of one corner and one-half of the 
adjacent sides. Each section made a day’s pour for the mixers. Keyways 
were left in all construction joints throughout the structure. Horizontal 
joints were slushed with 1:1 mortar before pouring concrete on them. Two 
pounds of celite per bag of cement was used in all concrete in floor and walls. 
Celite increased the slump, flowability, workability, and homogeneity of the 
mix, and did not decrease the strength of the concrete. When reservoir was 
filled with water and allowed to stand for twenty-four hours a }-inch drop in 
water level occurred. Approximately 1240 yards concrete and 220,000 even 
reinforcing steel were used.—Carl Speer, Jr. 
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' When Is an Increase in Rates Justified? R. E. McDonne.u. Water 
Works Eng., 81: 7, 401, March 28, 1928. Water standards have been raised. 
With our knowledge of water-borne bacteria, it is unsafe, unbusinesslike, and 
unpopular to offer anybody a drink of water unless it is pure, clear, sparkling, 
and palatable. Since experience has demonstrated that 65 per cent of all 
water-borne disease is traceable to impure water supplies, we begin to appreci- 
ate the value of pure water. Our tastes have become educated and our stand- 
ard of living raised. Water in addition to being pure, must be soft, clear, 
sparkling, free from iron or minerals, and without odors or taste. The fur- 
nishing of water that meets all these requirements calls for the highest 
technical-trained skill available, both in design and operation. The invest- 
ment necessary to obtain pure, sparkling, soft water is many times greater 
than it was a few years ago. With this increasingly high investment, there 
should be correspondingly increasing rates. In the 6000 water plants in the 
United States serving over 60 million people there have been only a compara- 
tively few plants that have met the improved service with an increase in rates. 
The water plants, privately owned in mc.t cases, have sought, through courts 
and commissions, a raise of rates commensurate with the increased cost, but 
hundreds of municipal plants are still struggling to meet the demand for 
better service. Water works men have not placed all the facts squarely 
before the communities served. The need of a rate increase is not usually 
apparent until the demand comes for filtered water instead of settled water, 
covered reservoirs instead of open reservoirs, closed water conduits instead 
of open canals, softened water instead of hard water, water with odors and 
tastes and injurious minerals removed, better pressures, extension of mains, 
replacement of inadequate distribution systems.— Carl Speer, Jr. 


Municipal Water Analyses. E. L. Fixrpy. Florida Health Notes, 20: 2, 
26, February, 1928. Lists 89 cities in Florida which own shipping cases and 
regularly each month submit samples of water to State Board of Health for 
analysis Sole cost to city for this service is that of the box to start with 
($14.50) and about $1.50 per month expressage. Bottled waters prepared 
for market in Florida or shipped into state are examined every two months. 
—G. C. Houser. 


Regulations Adopted by State Board of Health. Monthly Bulletin, Indiana 
State Board of Health, 31: 2, 19, February, 1928. On January 18, 1928, the 
Board adopted rules requiring that plans and specifications for the construc- 
tion of any public water supply or sewerage facilities, including water purifi- 
cation or treatment works and sewage treatment or disposal works, and plans 
for material changes in existing facilities or works shall be submitted to the 
Board for approval as to sanitary features before being adopted.—G. C. 
Houser. 


Polluted Water Causes Epidemic. Illinois Health News, 14: 2, 42, Febru- 
ary, 1928. An outbreak of intestinal disorder in Marseilles, involving at least 
54 cases, started on January 7, 1928. Public water supply flows from artesian 
wells into storage reservoir. Upon draining the latter, a hole was discovered 
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in bottom of reservoir wall, which adjoins a power race carrying highly pol- 
luted water of Illinois River. Just before epidemic, an ice jam in river had 
caused water to rise above normal in race, thus causing inflow of river water 
into reservoir.—G. C. Houser. 


Sewage Plant Effluent as Drinking Water. Public Health News (N. J. 
Dept. of Health), 13: 2-3, 64, January-February, 1928. On a recent visit to 
a sewage treatment plant in northern New Jersey it was noticed that it is a 
common practice for employees at the plant to drink the effluent as discharged 
from the sewage filter beds. It was also indicated that it is quite common 
for nearby residents to collect water from the same source for drinking pur- 
poses. State Department of Health has recommended that local board of 
health move for the prevention of this practice.—G. C. Houser. © 


Rural Sanitation with Special Reference to Water Supply. X. H. Goop- 
noucH. The Commonhealth (Mass. Dept. of Public Health), 15: 1, 3, 
January—February—March, 1928. Where it is impracticable to dispose of 
household sewage at a lower level than water in the well, it is important to 
locate places of sewage disposal at least 250 feet from source of water supply. 
In swampy regions it is best to locate the well on the upland 50 to 100 feet from 
swamp. Pipes lined with tin or with cement are satisfactory for conveying 
drinking water when the water is found to be corrosive.—G. C. Houser. 


North Bergen Township Installs Sewage Disposal Plant. Public Health 
News (N. J. Dept. of Health), 13: 4-5, 106, March-April, 1928. Prosecutions 
against township of North Bergen, N. J., resulted in the issuance in 1921 of 
an injunction restraining township from polluting waters of Hackensack 
River and tributaries. A modern sewage treatment plant, including settling 
tanks and glass-covered sludge drying beds, has recently been completed.— 
G. C. Houser. 


Reservoir Covering Pays Dividends. C. W. Kiassen and H. F. Feravson. 
Illinois Health News, 14: 4, 106, April, 1928. Edwardsville Water Co. re- 
cently invested $1500 in covering an open storage reservoir at the suggestion 
of State Department of Public Health, and thereby made net annual saving of 
$61.50. Supply is pumped from wells into concrete storage reservoir with 
capacity of 250,000 gallons. Before it was covered a luxuriant growth of 
algae necessitated cleaning twice monthly.—G. C. Houser. 


Florida Regulation Governing Impounding of Waters. Florida Health 
Notes, 20: 4,59, April, 1928. State Board of Health has passed a rule, effective 
May 1, 1928, providing that no person, firm, or municipality shall impound 
any body of water within State of Florida, whose surface area shall exceed 
one acre, without first securing written permission from State Board of Health. 
Violation of this rule is punishable by imprisonment not exceeding 30 days 
or a fine not exceeding $50.00.—G. C. Houser. 
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_ The Great Lakes Drainage Basin Sanitation Agreement. Monthly Bulletin, 
Indiana State Board of Health, 31: 3, 33, March, 1928. Health commissioners 
of Minnesota, Michigan, Wisconsin, Illinois, Ohio, Indiana, Pennsylvania, 
and New York have recently agreed to cooperate with each other and with 
United States Public Health Service in carrying out a policy for improvement 
of quality of waters of interstate lakes and their tributaries in these states, 
by prevention or correction of undue pollution thereof.—G. C. Houser. 


Public Health Council of New York State Refuses to Modify Order Eliminat- 
ing Cross Connections. Monthly Bulletin, Ind? State Board of Health, 31: 3, 
33, March, 1928. In November, 1925, New York State Public Health Council 
adopted an order requiring elimination by July 1, 1928, of all cross connections 
between potable and non potable water supplies. Recently, after careful 
study of the question, the council has declared that ‘“‘the complete severance 
of potable and polluted waters is demanded for the protection of the public 
health and that this can be accomplished without increasing fire hazard 
to life or property.’’-—G. C. Houser. 


Paper Wastes: Investigation of the Recirculation and Treatment of Waste 
Waters from the Process of Paper Making. I. R. Riker. Public Health News, 
Department of Health of State of New Jersey, 12: 10-11, 290, September— 
October, 1927. The mill investigated and reported on, has 4 paper making 
machines. All waste white water was being reused. Two recirculating sys- 
tems were operated. One used chemical precipitation of water and this 
water was used for felt showers with make-up waste rates of 3 to1. Other 
system returned waste white water direct from pits to breakers or beaters. 
Chemical precipitation plant handles all water over and above that used by 
breakers or beaters. ‘‘Boothall,’’ a balanced coagulant is used. Reclaimed 
stock from precipitation plant makes up 20 per cent of the material used by 
No. 1 machine; that is, 15 tons of finished material is procured from 12 tons 
of old newspaper stock (raw material). After the investigation was made it 
was reported that all waste white water was being used and that for long 
periods it was unnecessary to pollute the creek with this waste—A. W. 
Blohm (Courtesy U.S. Public Health Eng. Abst.). 


Annual Report. Department of Health, Government of Palestine, 1926. 
92 pages. Typhoid fever epidemics occurred in Emek Jezriel, Tel Aviv and 
Jerusalem, with 206, 223, and 280 cases, respectively. The total incidence for 
the country was 1,402, compared to 705 in 1925. There was no further evidence 
to incriminate water as the definite cause, nor could the outbreaks be attrib- 
uted to milk or other foods, though in some towns the sale of vegetables 
fertilized with sewage constituted a constant possible means of spreading 
infection. Watersupplies: due to deficient supply of pure water in Jerusalem, 
contaminated surface supplies were resorted to after chlorination. The sup- 
ply of water varied from 50,000 to 230,000 gallons per day, A large number 
of villages improved their water supplies—A. W. Blohm (Courtesy U. S. 
Public Health Eng. Abst.). 
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Rural Water Supplies—The Advantages of Decentralization. D.T.Worarr. 
The Surveyor, 72: 1870, 513, November, 1927. The Bruston patent auto- 
pneumatic water supply system, which briefly consists of an automatically 
controlled gas engine or electric motor and a pressure tank, is recommended 
in decentralized units for use in rural districts where the expense of a central- 
ized water supply system is prohibitive. The advantages of such a system 
are illustrated in the ease of a rural district which contained 25 small parishes 
varying in population from less than 100 to 1,000 and having a total population 
of 8,439. This district may be divided into 4 groups of villages, 2 groups to 
be served by one pumping station and the other two groups to be served by 
one pumping station each. Comparison of costs for such a decentralization 
system for the above district with a centralized system was favorable toward 
the decentralized system.—A. W. Blohm (Courtesy U. S. Public Health 
Eng. Absts.). 


Water Purity and Fish Life. W. Rusuron. Surveyor, 72: 1872, 574. 
December 9, 1927. The care to preserve river water for drinking purposes and 
the lack of attention to preserving the natural fauna and flora when the waters 
are required for other purposes are the main subjects of the paper. Pure 
water will not support fish life, because of the absence of a suitable food supply. 
Also, if certain ingredients are absent, diseases, including goiter, will appear 
among fish. If rivers must receive effluents from various works, they should 
not destroy the natural fish life or permit foreign growths killing natural ones. 
Evidence exists that waters from producer gas plants harm small streams 
owing to presence of sulphur compounds and carbon monoxide in solution. 
Effluents from coal washing plants and coke ovens are known to harm river 
waters for fish life —A. W. Blohm (Courtesy U. S. Public Health Eng. Abst.). 


Report on Electrolux Water Softener. Anonymous. Journal of State 
Medicine of Royal Institute of Public Health, 36: 1, 49, January, 1928. The 
electrolux softener used in the experiment consisted of a tinned-copper cylin- 
der 1 by 8 inches high and 5 inches in diameter, containing a special kind of 
earth treated in a particular manner but composed mainly of alumina and 
silica. Periodically the softening material must be regenerated with dissolved 
common salt. The conclusions arrived at from the experiments are as follows: 
(1) By analysis it is found that all the hardness is removed from the water; 
(2) that no deleterious ingredient could be detected in the softened water; 
(3) that this method of water softening is very simple, economical and 
efficacious.—A. W. Blohm (Courtesy U. S. Public Health Eng. Absts.). 


Water Supply in Bradford (England). Lewis Mitcueiu. Surveyor, 73: 
1876, 3, January 6, 1928. This report illustrates several divergent points of 
view on English and American Water Works practice. The city population 
of 288,700 consumes 58.1 gallons per capita, 35.3 gallons per capita of which are 
for domestic and 22.8 gallons for industrial purposes; the corresponding 
consumption of outlying districts with a population of 100,000 is 31.4 and 18.9 
gallons per capita, respectively. Yet the statement is made that “‘although 
it is only one third of the quantity consumed in ‘dry’ American cities, it is 
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‘greatly in excess of what is reasonably required.’’ Metering of domestic 
services is not advocated for sanitary reasons, Chlorination is not considered 
“expedient or desirable which may be considered purely as a last line of 
defence.’’ Filtration is provided as a further safeguard for supplies from 
practically uncontaminated sources. The difficulty of finding pure sources 
requiring no chemical treatment is in many cases becoming acute but Bradford 
has provided against this contingency. The water is at times plumbo solvent, 
containing as high as 0.113 grains per gallon of lead. The acidity is neutral- 
ized by a “‘harmless reagent’’ to correct this solvent action.—A. W. Blohm 
(Courtesy U.S. Public Health Eng, Abst.).. 


Contréle Technique D’Une Installation Municipale De Sterilisation D’Eau 
ParL’Ozone. (Control of a Municipal Plant for Purification of Water by Ozone.) 
J. Satmon and P. Quarre. Bulletin of Hygiene, 2: 12, 978, December, 1927. 
A description of the water disinfecting plant of the city of Boulogne consisting 
of an ozonizer and the circulating system for ozonized air and the sterilizer 
or disinfecting unit. The ozonizer consists of a series of glass cylinders, a 
coaxial aluminum rod which serves as one electrode and the aluminum en- 
closing case serves as the other electrode. A single phase, 50 cycle, alter- 
nating current transformed to 8,000 to 10,000 volts is applied to the electrodes. 
Air dried by calcium chloride is forced through the cylinders in which the 
silent electrical discharge occurs generating the ozone. This ozonized air is 
forced through a sterilizer, consisting of a vertical tower of reinforced con- 
crete divided at intervals by horizontal partitions of perforated celluloid to 
insure intimate contact between the water and the ozonized air, which both 
enter at the base of the tower. The effluent from the sterilizer is tested 
periodically with starch iodide for free ozone and in the manner used for 
determining the residual chlorine in water. Bacteriological data are given 
indicating that the number of B. coli per liter was reduced from 1,000 to 0 
and the gelatin count was reduced from 714 to 6 per cubic centimeter—A. W. 
Blohm (Courtesy U.S. Public Health Eng. Absts.). 


Interesting Features of a Rural Outbreak of Cholera Due to Infected Drinking 
Water. Hitario Lara. American Journal of Hygiene, 7: 5, 606, September, 
1927. This article gives an account of an outbreak of cholera oceurring in a 
rural community in the Philipines, which was found to have resulted from 
the drinking water from an infected spring. Among the data presented are: 
Clinical and bacteriological findings; record of previous attacks or inoculation, 
and results of the epidemiological investigation —A. W. Blohm (Courtesy 
U.S. Public Health Eng. Absts.). 


Sanitary Engineering Progress in the Middle West. Wynkoop KIEerRsTED. 
Proveedings of Tenth Texas Water Works Short School, January, 1928. The 
author reviews the changes in engineering practice which have occurred in 
the Middle West. He advocates the use of gumbo for a waterproofing material 
describing the impounding reservoir constructed at Council Bluffs in 1882. 
Gumbo can also be used to fill the joints between concrete slabs, as an expan- 
sion joint in joining some types of concrete walls, and for packing the annular 
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space around C. I. pipe where it passes through a concrete wall. Sedimen- 
tation and sterilization show the most marked improvements in water purifi- 
cation. The Kansas City water supply is given as an example that safe, 
potable water can be produced by sedimentation and chlorination alone. 
Filtration is entirely dependent upon the efficiency of settling basins. 
Changes in methods of sedimentation are described.— A. W. Blohm (Courtesy 
U.S. Public Health Eng. Abst.). 


The Trend of Typhoid Fever Mortality in the United States. Prrsis Putnam. 
American Journal of Hygiene, 7: 6, 762, November, 1927. This article gives 
a rather complete analysis of the decline of the typhoid fever death nate in 
recent years in the United States. In order to analyze the trend of the typhoid 
fever death rate for the period 1900-1925, a group of ten states was used where 
data for the earlier years was available. The death rate in the Registration 
States of 1910 and 1920 are then compared and the differences between white 
and colored rates discussed. In order to visualize the trend of typhoid fever 
mortality over a longer period of years than is possible for any considerable 
portion of the United States, the record of certain large American cities are 
presented. There are a number of tables listing data for various cities, states 
and groups for certain periods. There are also a number of figures showing 
curves and graphs in connection with typhoid fever mortality for the United 
States as a whole and various portions.—A. W. Blohm (Courtesy U. S. Public 
Health Eng. Abst.). 


Chlorination of Water Supplies in Assam. R. T. Sen. Proceedings of 
Assam Branch British Medical Association Annual Meeting, Silchar, March 
1 and 2, 1926, 43. Bulletin of Hygiene, 2: 8, 649, August, 1927. Chlorination 
of the Sylhet water was started in July, 1922. Results were unsatisfactory 
at first and this was ascribed to improper dosage. With experience the defects 
were remedied, the total count was low and except for one occasion in Febru- 
ary, 1925, lactose fermenters were absent from 20 cc. In Silchar, chlorination 
was begun in May, 1924, and the results obtained were good from the start. 
Tables are given showing the bacterial improvement in the water supplied as 
compared with pre-chlorination figures.—A. W. Blohm (Courtesy U.S. Public 
Health Eng. Abst.). 


A Note on the Purification of Water from Rivers Polluted by Sisal Effluent. 
F. C. Ketity. Kenya Medical Journal, 1926, 3: 212-15, Bulletin of Hygiene, 
2: 8, 651, August, 1927. Samples of water were taken from and near a river 
flowing through three sisal estates in Kenya. The introduction of sisal waste 
at the factories results in marked deterioration of the quality of the river 
water, as judged by the oxygen absorbed and albuminoid nitrogen figures. 
The oxygen absorbed seems a very convenient test for the extent of pollution 
by sisal effluent as the latter contains some as yet unidentified compound 
which exerts marked reducing properties. The water from two wells in the 
zone of pollution was examined. The water from the river receives natural 
filtration on its way to the well and the conclusion is drawn that sisal pollution 
is removed by filtration —A. W. Blohm (Courtesy U. S. Public Health Eng. 
Abst.). 
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Quality of the Surface Waters of New Jersey. W. D. Cotuins and C. §. 
Howarp. Water Suppyl Paper 596-E, United States Geological Survey, 
Department of the Interior, 119 pages. The surface waters of New Jersey 
are one of the most valuable natural resources of the State. They are used 
for public water supplies of nearly all the larger cities, and they furnish the 
great quantities of water required for some of the leading industries. Where 
unpolluted, these waters are generally clear and contain only moderate quanti- 
ties of dissolved mineral constituents. The waters in the southern part of 
the State are softer but more highly colored than the waters in the northern 
part.—A. W. Blohm (Courtesy U.S. Public Health Eng. Abst.). 


Intestinal Affections and Drinking Water Supply on Curacao. P. H. Van 
Der Hoaa. Nederl. Tijdschr. V. Geneesk., 1926, December 18, 2788-96. 
Bulletin of Hygiene, 2: 8, 653, August, 1927. The difficulty of providing 
the island with suitable water supplies is the quality of the ground water, 
which is often brackish. The soil of Curacao has during long periods been 
covered by the sea and locally still contains large quantities of salt, which 
remained in the soil by evaporation of the water after the island rose above 
the sea level. This salt is washed out by the rainwater from the more porous 
soil, but is still present in the less permeable ones. With regard to the chemi- 
cal composition of the water and the bacteriological reliability, the author 
discusses the possibilities of establishing a satisfactory water supply. This 
part of the article is of merely local interest.—A. W. Blohm (Courtesy U. 8S. 
Public Health Eng. Abst.). 


Report on an Outbreak of Illness at Poplar Suspected to be Due to Local 
Pollution of the Water Supply. G.C. Hancock. Bulletin of Hygiene, 2: 12, 
982, December, 1927. An outbreak of illness characterized by very severe 
diarrhoea of sudden onset, accompanied by fever, occurred in Poplar, England. 
The cases occurred in a relatively small area. Records of the analyses of 
samples of tap water examined by the Metropolitan Water Board of London 
indicated that locally the tap water was of an inferior quality. Further 
investigation disclosed the presence of a cross connection of a private water 
supply of a gas plant and the public mains. No check valves were used on this 
cross connection.—A. W. Blohm (Courtesy U.S. Public Health Eng. Abst.). 


The Problem of Bilharziasis in Egypt. Att Bey Ipranim. The Journal of 
State Medicine, 35: 12, 702, December, 1927. This disease, one of the most 
prevalent in Egypt at the present time, is essentially a water-borne disease. 
The eggs of the worms are hatched in fresh water and carried by snails to infect 
human beings through perforations of the skin or mucous membranes. In 
order to kill these snails and thus to prevent the spread of the disease, dryness 
isnecessary. It is therefore recommended in the article that Egypt be divided 
into four districts and that irrigation be completely stopped in one of these 
divisions each year, thus resulting in complete dryness of that district except 
for the provision of drinking water. In addition, the Department of Health 
will concentrate all efforts to the treatment of infected cases in that area and 
will use copper sulphate to kill the snails in local areas which do not get thor- 
oughly dry.—A. W. Blohm (Courtesy U.S. Public Health Eng. Abst.). 
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Rivers Pollution Prevention Work of the West Riding Board. Anonymous 
Surveyor, 73: 1883, 260, February 24, 1928. The streams, with tributaries, 
under survey of the Board had a total length of over 2000 miles, including 
some clean rivers, and others in various states of pollution. There are now 
427 sewage works in the Board’s area, compared with 167 in 1896. Many works, 
however, have been abolished, with the process of concentration still going 
on.—A.W. Blohm (Courtesy U.S. Public Health Eng. Abst.). 


The Sterilization of Small Quantities of Water. D.T.M.Larae. Journal 
of the Royal Army Medical Corps, 1927, 49: 77-8. Bulletin of Hygiene, 2: 12, 
979, December, 1927. A solution is made by adding stabilized bleaching pow- 
der to a 4 ounce medicine bottle; about 1 inch depth in the bottom of the bottle 
suffices. The mixture is well shaken, and after settling out, the supernatant 
liquor forms the sterilizing solution. A glass of water is sterilized by stirring 
with a match previously dipped to the hilt in the sterilizing solution. Fora 
soldier’s water bottle a wire of the thickness of a match dipped in the solution 
for a few inches is enough. Ten drops is recommended for a wash basin as 
fitted in Indian trains. Diluted seven times with water the sterilizing solu- 
tion forms a good wound antiseptic —A. W. Blohm (Courtesy U. S. Public 
Health Eng. Abst.). 


The Swimming Pool—Its Careand Aims. Francis E.Fronczax. Journal 
of the American Association for Promoting Hygiene and Public Baths, 9: 38, 
1927. The article discusses the subjects of design, supervision and mainte- 
nance of indoor swimming pools, touching upon some of the more important 
factors of each.—A. W. Blohm (Courtesy U.S. Public Health Eng. Abst.). 


Typhoid Fever in Cleveland, 1873-1926. Roacrer G. Perkins. Journal of 
Preventive Medicine, 1: 7, 449, September, 1927. This article is a very good 
historical review and discussion of the typhoid fever situation in Cleveland, 
Ohio, since 1873. About 75 per cent of the article is devoted to the relation 
of the water supply and the method of sewage disposal to this disease. Other 
etiological factors discussed include milk and other foods, contacts and flies.— 
A.W. Blohm (Courtesy U.S. Public Health Eng. Abst.). 


Report of Division of Sanitary Engineering. Fifth Annual Report of the 
Provincial Bureau of Health, Province of Quebec, Canada, 1926-1927, 151. 
Information is given on new waterworks and sewerage systems constructed 
in municipalities of the Province during the year, also of additions and im- 
provements to other plants. There are 47 municipalities and 3 institutions 
with filtered water supplies, the population of the municipalities being about 
1,000,000. Thirty-three other towns with a population of about 150,000 
are supplied with chlorinated water only. These installations are supervised 
by the Sanitary Engineering Division through daily analyses and inspections 
by a special division engineer.— A. W. Blohm (Courtesy U. S. Public Health 
Eng. Abst.). 
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Water Purification. P. H. HenpEerRson. Journal of the Royal Sanitary 
Institute, 48: 9, 481, March, 1928. This article contains a brief summary 
of the methods used by the British army prior to and during the World War in 
the provision of drinking water. Army units were provided with one or more 
water carts, the main tank of each cart containing 110 gallons of water. The 
water was pumped from the source by semi-rotary pumps through compressed 
sponge, contained in cylinders, into the main tank and thence through porce- 
lain filter candles into a smaller tank from which the water bottles were filled. 
It was found that the sponges did not act as efficient clarifiers, that it was 
impossible to ascertain whether the filter candles were free from flaws or were 
allowing the passage of bacteria, and that it was difficult to secure a bacterium- 
proof junction between the candles and the caps of the cylinder to which they 
were attached. During the war, Sir William Horrocks introduced the use of 
aluminum sulphate as a precipitant and chlorine as a sterilizing agent.—A. W. 
Blohm (Courtesy U.S. Public Health Eng. Abst.). 


The Réle of Ammonia in the Purification of Water. C.H.H.Haroup. Jour- 
nal of the Royal Sanitary Institute, 48: 9, 484, March, 1928. During the 1925 
manoeuvres of the British Army, Major Harold introduced a new method of 
purifying water. This method consisted in preliminary treatment with am- 
monia followed by sterilization with chlorine. In this way the absorption of 
chlorine is restrained and its germicidal powers are enhanced. The sterilizing 
agent is not unduly deviated by organic matter and a safe water is produced, 
practically free from unpleasant tastes. The chlorine solution was given 
initial contact with the ammonia prior to dosing into water and the highest 
concentration which did not show evidence of available chlorine was fixed 
upon as the optimum. Normally each water cart having a capacity of 110 
gallons is dosed with 1.25 grains of ammonium bicarbonate and about 3 grams 
by weight of dry chlorine gas — A.W. Blohm (Courtesy U. S. Public Health 
Eng. Abst.). 


Removing Iron from Drinking and Industrial Water. A. Batrice. Appara- 
tebau 39, 306-8 (1927). From Chemical Abstracts, 22: 6, 1000, March 20, 
1928. Aeration in coke-filled towers and filtering through sand is described.— 
A.W. Blohm (Courtesy U.S. Public Health Eng. Abst.). 


Small Iron Removal Plant for Red Bank Water Works. WeLLINGTON 
DonaLpson. Eng. News-Rec., 100: 112-4, 1928. An illustrated description 
of the 1.5-million gallon per day purification plant recently put in commission 
at Red Bank, N. J., which consists of a cascade aérator, 3 horizontal pressure 
filters, and chlorinating equipment. The supply is derived from drilled 
wells and contains excessive amounts of CO» (18 p.p.m.) and Fe (2.5 p.p.m.), 
the latter causing difficulties due to staining. Preliminary experiments 
showed that whereas upward flow contact towers filled with gravel reduced 
the iron content only to 1.0 to 1.1 p.p.m., sand filters effected practically 
complete removal (0.05 to 0.07 p.p.m.). The filters are 8 by 25 feet, and are 
equipped with perforated pipe underdrains. Growths of filamentous algae 
in distribution reservoir proved troublesome at first but these have been 
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completely eliminated by chlorination at the rate of 0.48 p.p.m. The cost of 
the plant was $52,881.—R. E. Thompson (Courtesy Chem. Abst.). 


High Head Hydro-Electric Project on Bucks Creek. Eng. News-Rec., 100: 
140-3, January 26, 1928. Brief outline and résumé of statistical information 
of major features of Bucks Creek project. of Feather River Power Company, 
on Feather River. Operating head on turbines will be 2561 feet (static). 
—R. E. Thompson. 


Simple Method Used to Lower Cast-Iron Water Main. Eng. News-Rec., 
100: 161, January 26, 1928. Brief description of method employed in Spring- 
field, Mass., for lowering mains following surface grade alterations without 
shutting off pressure. Mains lowered were cast iron pipes from 4 to 30 inches 
in diameter with both lead and composition joints. Little difficulty has been 
experienced with leakage.—R. E. Thompson. 


Cross-Section Rod and Protractor for Tunnel Work. Danie~ McFaruanp. 
Eng. News-Rec., 100: 164, January 26, 1928. Brief illustrated description of 
instruments used for cross-sectioning tunnels of Bucks Creek project.—R. E. 
Thompson. 


Power Shovels for Handling Rock Save Time on Rock Fill Dam. Eng. 
News-Rec., 100: 163, January 26, 1928. Brief illustrated outline of adapta- 
tion of power shovels to handling heavy rock fragments used in facing up- 
stream side of rock fill dam on Bucks Creek project of Feather River Power 
Company.—R. E. Thompson. 


Building a Penstock to Develop a Static Head of 2561 feet. Oswa.p Speir, 
Jr. Eng. News-Rec., 100: 191-5, February 2, 1928. Detailed illustrated 
description of penstocks for Bucks Creek development of Feather River 
Power Company. Head involved constitutes record in United States.— 
R. E. Thompson. 


Penstock Wyes Withstand Pressure of 2230 Pounds per Square Inch. Eng. 
News-Rec., 100: 246, February 9, 1928. Brief description of wyes installed 
in Bucks Creek plant of Feather River Power Company.—R. EF. Thompson. 


Traveling Concrete Plants Line Cascade Tunnel. Eng. News-Rec., 100: 
224-7, February 9, 1928. Illustrated description of methods being employed 
in placing 200,000 cubic yards of concrete lining in Cascade tunnel. Inside 
dimensions of tunnel are 16 by 22 feet, and volume of lining per linear foot 
is 43 cubic yards.—R. E. Thompson. 


Picnic Grounds Adjoin Water Works Reservoir. Eng. News-Rec., 100: 
235, February 9, 1928. New Brunswick, N. J., has established picnic grounds 
in grove immediately adjoining new 1000 m.g. water supply reservoir com- 
pleted in March, 1927. No attempt is made to prevent use of reservoir for 
bathing and boating. The water spills over concrete dam and is collected 
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in second reservoir, from which it is pumped to purification plant consisting 
of filters and chlorinating equipment.—R. E. Thompson. 


Ferric Salts as Coagulants for Activated Sludge Prior to Filtration. F. W. 
MoutMan and J. R. Patmer. Eng. News-Rec., 100: 147-50, 1928. Experi- 
ments at the Calumet sewage works in 1923 indicated that alum was the most 
satisfactory coagulant. Later experiments carried out as a result of inter- 
ference by trade wastes have shown that ferric salts, particularly FeCl;, are 
decidedly superior to the corresponding Al salts, the floc particles being much 
larger. With equivalent weights of Fe and Al, the chlorides filtered most 
rapidly, the nitrates being second, and the sulfates the slowest. The best 
results with any of Al salts were but slightly better than the poorest ferric 
salt. Experience at a number of activated sludge plants have confirmed the 
conclusion that ferric salts are very efficient coagulants. As the cost of 
FeCl; is very high, 6 cents per pound, compared with 1.5 cents per pound for 
alum, the production of ferric salts was investigated. All processes studied 
were finally abandoned in favor of oxidation of FeSO, with Cl:, which produces 
a mixture containing 71 per cent Fe2(SO,); and 29 per cent FeCl;. Apparatus 
devised for this process is described. It is possible to effect 98 to 99 per cent 
oxidation without appreciable loss of Cl.. Results with this mixture were 
much superior to those obtained with alum. Chlorine alone has little coagu- 
lating effect. —R. E. Thompson (Courtesy Chem. Abst.). 


Making Pneumatic Arch Closures in Tunnel Work. AAkon Evans. Eng. 
News-Rec., 100: 164, January 26, 1928. Brief illustrated outline of method 
used during concreting of Chelan tunnel, Washington.—R. EF. Thompson. 


Concrete Gun Lining Work in Duboce Tunnel. Eng. News-Rec., 100: 201-4, 
February 2, 1928. Illustrated description of placing of lining in Duboce 
tunnel in San Francisco, a municipal traffic improvement, 4,232 feet long.— 
R. E. Thompson. 


The Bacteriological Examination of Water and Interpretation of Results. 
G.B. ReepandC.M.AnprErson. Pub. Health J. (Can. Pub. Health Assocn.) 
19: 43-4, 1928. A brief description of bacteriological tests and their sig- 
nificance.—R. FE. Thompson (Courtesy Chem. Abst.). 


Novel Crest Design for Thin Overpour Dams. J. C. Srevens. Eng. 
News-Rec., 100: 227, February 9, 1928. Brief illustrated description of crest 
design for thin arch dams which permits use of this type of structure where 
overflow is of large volume. Stability of pure arch dam does not depend 
upon load on stream bed but upon stability of canyon walls to which arch 
thrust is transmitted. Wearing away of rock in stream bed is therefore of 
secondary consideration as long as it does not wear enough at immediate 
toe of dam to affect water seal or to weaken ability of foundation to support 
vertical weight of dam. By providing suitable lip on crest of dam and making 
provision for completely aerating the space between the nappe and the dam 
the nappe may be projected so as to strike stream bed a distance below toe 
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equivalent to nearly two-thirds the height of dam. In absence of piers on 
dam crest complete aeration may be secured by use of “‘slitter beams’’ pro- 
jecting through nappe.—R. E. Thompson. 


Action of Pure Water on Cement Mortar Briquets. Eng. News-Rec., 100: 
236-7, February 9, 1928. Results of experiments covering period of one 
hundred weeks on effect of water on cement mortar briefly given. Distilled 
water has decided disintegrating effect on portland cement mortar, whereas 
calcareous river water has no effect whatever. Disintegration is believed to 
be due to dissolution of free lime. On setting of sliceous or silico-aluminous 
cements, hydrated monocalcium silicate is formed and hydrate of lime liber- 
ated, latter being readily soluble in pure water. When in contact with cal- 
careous waters, however, the lime precipitates calcium carbonate, which 
closes pores of mortar, thus protecting it. High alumina cement (ciment 
fondu) was scarcely affected by distilled water. During hydration of alumina 
cement hydrated monocalcium silicate and dicalcium aluminate are formed 
and alumina instead of lime is liberated. This explains its resistance to 
effect of water. —R. E. Thompson. 


Shore Assembly for Laying Subaqueous Sewer Pipe. PautJ. Jones. Eng. 
News-Rec., 100: 414, March 8, 1928. In construction of sewers in North 
Wildwood, N. J., ingenious method of laying pipe across Hereford Inlet was 
devised. Track was laid on shore in line with position pipe was to occupy, 
and pipe was then laid on ties between the rails and suspended from cars 
built of medium heavy timbers rigidly bolted. Trench was then dredged in 
bed of inlet and track placed therein and pipe was pushed into water on cars 
and dropped into position.—R. E. Thompson. 


Pipe Line Laid Under Water by Ingenious Method. Eng. News-Rec., 100: 
415, March 8, 1928. To provide water supply for condensers of Ohio Public 
Service Company, at Lorain, Ohio, a 48-inch reinforced-conerete pipe has 
been laid to inlet, which is 700 feet out in lake. Water was formerly supplied 
through 30-foot channel between piers running from screening house to plant, 
but this was unsatisfactory owing to ice difficulties. Power shovel with 
back-digger bucket was used for all operations in laying of pipe. Machine 
dug trench in shifting sand, set pipe and backfill, and drove necessary piling 
from position on pier. Pipe was laid about 18 feet from pier. Two men, 
with shoulder-high wading boots, cemented pipe on inside at bottom and on 
outside at top. Strips of cement bags were laid over fresh cement to protect 
it from wash and from disturbance during backfilling, which was carried out 
immediately. Work was completed in less than 3 weeks.—R. E. Thompson. 


Tabulation of Test Data on Unit Strength of Welded Joints. Eng. News- 
Rec., 100: 237, February 9, 1928. Compilation of tests of strength of welded 
joints.—R. E. Thompson. 


Practical Water Filter Plant Operation. S. T. Powexii. Cont. Rec. and 
Eng. Rev., 41: 1082-4, 1927. A general discussion, including coagulation 
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control, air binding of filters, etc. It is pointed out that no single operation 
requires more care than the opening and closing of valves. Rapid opening 
of filter effluent valve results in violent shock to filter, causing holes and 
channels in sand bed. This not only impairs filter efficiency, but may per- 
manently injure bed by drawing floc or even sand into under-drainage system. 
—R. E. Thompson (Courtesy Chem. Abst.). 


Two New Type Electrically Driven Pumps for Cleansing Bay. Grorar E. 
Fox. Cont. Rec. and Eng. Rev., 41: 1138-9, November 9, 1927. Brief illus- 
trated description of two 75 horsepower, 30 m.g.d., centrifugal irrigation 
pumps installed at Toronto, Ont., to pump water from Toronto Bay approxi- 
mately } mile against total head of 9 feet to create flow through Ashbridge’s 
Bay. The latter bay has only one small outlet to Lake Ontario and there 
was not sufficient circulation to prevent nuisance from pollution entering bay 
through various drains and channels discharging therein.—R. E. Thompson. 


Some Essentials for Thin Dams. C. E. Grunsxy. Eng. News-Rec., 
100: 416, March 8, 1928. Discussion of requirements in design of concrete 
dams. Importance of imperviousness is stressed. Analysis of white efflor- 
escence scraped from face of one concrete dam showed it to contain 97 per 
cent calcium carbonate.—R. E. Thompson. 


Temperature and Humidity Control in Rooms for Concrete Study. Eng. 
News-Rec., 100: 395-6, March 8, 1928. Illustrated description of portion of 
University of California laboratory which has been equipped with automatic 
devices for controlling temperature and humidity for concrete testing. De- 
sired atmospheric conditions can be maintained with variations of less than 
1 per cent.—R. E. Thompson. 


Early-Strength Concrete Made with Ordinary Cement. WattrerR CauILL. 
Eng. News-Rec., 100: 412, 1928. Concrete made with a mix of approximately 
1:14:3 and water-cement ratio of a little less than 6 gallons per sack of cement 
had an average compressive strength of 2500 pounds per square inch at three 
days, 3700 pounds at seven days and more than 5200 pounds at twenty-eight 
days.—R. E. Thompson (Courtesy Chem. Abst.). 


Germany Prohibits Impure Water by Law. Eng. News-Rec., 100: 362, 
March 1, 1928. New pure food law, in effect October 1, 1927, includes drinking 
water among articles which may not be adulterated or polluted. Most supplies 
for German cities are derived from wells or springs and only when such source 
is not easily available are surface waters used as supply. Surface waters are 
purified by slow filtration through sand, with use of clarifying agent. In 
recent years there has been more general treatment with chlorine. Berlin 
supply is obtained chiefly from deep wells and is free of pollution. Only 
treatment required is for reducing mineral content. Hamburg supply, de- 
rived from River Elbe, is purified by sand filtration and pre- and post- 
chlorination.—R. E. Thompson. 
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Forecasting Mississippi Flood Stages. Isaac M.Cuine. Eng. News-Rec., 
100: 277-9, February 16, 1928. Description of methods employed by Weather 
Bureau, New Orleans.—R. E. Thompson. 


Mississippi River Flood Control. W. W. DeBrrarp. Eng. News-Rec., 
100: 63-6, January 12, 1928. Summary of events, conditions and plans.— 
R. E. Thompson. 


Earth Moving Mechanized. Has. H. Paut. Eng. News-Rec., 100: 67-9, 
January 12, 1928. Inventory of power tools available for mass excavation, 
transportation, and placing of earth.—R. EZ. Thompson. 


Ortho-Tolidin Test for Water Chlorination. T. J. LArrenibre and A. E. 
Berry. Pub. Health J. (Can. Pub. Health Assocn.), 19: 1, 42-3, 1928. An 
outline of the o-tolidin test for free Cl, and its application to the control of 
chlorination. The standards of the Ontario Department of Health require a 
residual Cl, content of 0.2 to 0.3 p.p.m. (after fifteen minutes) in water sup- 
plies, and 0.2 to 0.5 in swimming pools.—R. E. Thompson (Courtesy Chem. 
Abst.). 


Ice and Leakage Troubles on Water Supply Pipe Lines. Cras. BRosSMANN. 
Eng. News-Rec., 100: 150, January 26, 1928. Water supply of Michigan City, 
Ind., is drawn from Lake Michigan through 24-inch intake extending 2,750 
feet into lake and 42-inch cast iron intake pipe extending 3,000 feet into lake. 
Supply from latter failed in January, 1927, and investigation showed inlet to 
be blocked with ice. The 4-inch openings in the protecting timber screen, 
30 feet below surface, were also closed solid, and the ice eventually built up 
to surface. Water is conveyed from pumping station across harbor to city by 
two pipe lines, 24 and 30 inches in diameter. Shortly after ice troubles the 
consumption increased from normal of 5 m.g.d. to 7 or more. Investigation 
by diver disclosed break in 30-inch cast iron line. When broken pipe section 
was raised it was found that it had cracked around flange, probably when laid 
fourteen years before. Constant erosion had widened crack and even heads 
of 14-inch flange bolts had been worn away. Later another leak was found, 
a crack } to } inch wide running entire length of one section. It is proposed 
to construct concrete tunnel under harbor to carry the water pipes.—R. E. 
Thompson. 


Bridge River Power Project, B.C. Eng. News-Rec., 100: 81, January 12, 
1928. Construction is well under way on 2}-mile tunnel, 13 feet in diameter, 
which is initial step in British Columbia Electric Railway Company project. 
—R. E. Thompson. 


Construction of Multiple-Arch Dam in Arizona. Eng. News-Rec., 100: 
180-8, February 2, 1928. Illustrated description of construction of Lake 
Pleasant dam, completed in September, 1927, on the Agua Fria River by 
Maricopa County Municipal Water Conservation District No. 1 for irrigation 
and power purposes. Dam is 1,830 feet long on high water line and 2,146 feet 
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to ends of cutoff walls, not including 750-foot spillway. Greatest height 
above foundation is 252 feet.—R. E. Thompson. 


The Mercier Reservoir on the Gatineau River. Cont. Rec. and Eng. Rev., 
41: 1182-5, November 23, 1927. Illustrated outline of recently completed 
power project of Canadian International Paper Co. on Gatineau River, con- 
sisting of enlarging Lake Baskatong to area of 64,000 acres by construction of 
10 dams; 3 of concrete, 4 earth fill, and 3 rock fill. Reservoir thus formed is 
third largest artificial reservoir in world, impounding 95,000 million cubic 
feet.—R. E. Thompson. 


New York Water Supply Extensions. Eng. News-Rec., 100: 85, January 12, 
1928. Approval has been given by Board of Estimate of plans for new pressure 
tunnel, 17 feet in diameter at upper end and some 20 miles long, to supple- 
ment one already in use for delivering water from Catskill aqueduct system. 
Studies for tunnel are under way. Recommendations for an additional 
supply of 600 m.g.d. from five New York tributaries of Delaware River and 
70 to 100 m.g.d. from Rondout Creek, a tributary of the Hudson, together with 
diversion of water from some of higher levels of Croton system into Catskill 
system, have been submitted to the Board. Proposal to develop 150 m.g.d. 
from wells on Long Island for emergency use was also before Board of Estimate 
at close of year.—R. E. Thompson. 


Chlorophenol Tastes Pervade Chicago Water Supply. Eng. News-Rec., 
100: 115-6, January 19, 1928. Severe period of taste-producing pollution of 
water of southern end of Lake Michigan occurred December 23-30, 1927, 
when water supplies of Chicago, Ill., Gary, East Chicago, Whiting, and 
Hammond, Ind., were rendered undrinkable. Phenol content was about 60 
parts per billion. Investigation indicated that industrial wastes were dis- 
charged from Indiana Harbor ship canal, apparently in intermittent batches, 
and driven in direction of intakes by heavy gale. Drift of the pollution was 
17} miles in fourteen hours, or 1} miles per hour. Industrial waste pollution 
was accompanied by heavy bacterial contamination and chlorine absorption 
increased to such an extent that dosage required at Chicago was as high as 
13.6 pounds per million gallons. Residual chlorine considered necessary to 
insure safe water at Chicago is 2 to 2.5 pounds per million gallons.—R. E. 
Thompson. 


Use and Waste of Irrigation Water. Eng. News-Rec., 100: 114, January 19, 
1928. Brief compilation of data on irrigation consumption and loss in canal 
seepage and waste on federal reclamation projects. Data indicate that less 
than one-half of water taken from supply stream is used on land, one-sixth 
is lost at canal wastages and spillways, and about 40 per cent in seepage 
through canal bottoms.—R. EL. Thompson. 


Failure of Non-State-Inspected Dam Under Construction. H. T. Critcu- 
Low. Eng. News-Rec., 100: 116, January 19, 1928. Recent failure of small 
dam under construction in New Jersey illustrates need of state supervision 
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of dams, even of those impounding water from small collecting areas. Dams 
impounding water from area of less than 1 square mile are now classed with 
those less than 5 feet high in being exempted from state supervision. Dam 
in question failed during severe storm on November 17, 1927. It was located 
on small branch of Peapack Brook and was to have been of earth-fill and con- 
crete core-wall type, with maximum height above stream bed of 32 feet and 
total length of 360 feet. Evidence points to failure due to slumping of center 
portion of downstream fill—R. EZ. Thompson. 


Building of Guernsey Irrigation and Power Dam. F.F.Smitu. Eng. News- 
Rec., 100: 264-8, February 16, 1928. Illustrated description of construction 
of Guernsey dam on North Platte River in Wyoming forming impounding 
reservoir of 72,000 acre-feet capacity. Dam is composite structure of loose 
rock and sluiced gravel and clay, with puddle core extending from 30 feet 
below river bed to crest. Dam height above stream bed is 105 feet, crest 
length 560 feet, and base thickness 1000 feet. The 26-foot crest forms a 
driveway. The 1:3 upstream slope is protected by 3 feet of riprap.—R. E. 
Thompson. 


Diablo Dam, Skagit Project. Eng. News-Rec., 100: 81, January 12, 1928. 
A $2,263,000 contract was awarded in September for construction of Diablo 
Dam on Skagit River, a unit in hydro-electric project of Seattle, Wash. Dam 
will be constant angle arch, creating 90,000-acre-foot reservoir. Length of 
arch will be 775 feet and total length 1,100 feet. Contract calls for completion 
in September, 1929.—R. E. Thompson. 


Building a Rolled-Fill Dam of Pre-wetted Earth. RautpnH Lowry. Eng. 
News-Rec., 100: 388-91, March 8, 1928. Illustrated description of construc- 
tion of McKay gravel-fill dam recently completed by U. 8. Bureau of Reclama- 
tion on McKay Creek, Oregon, being part of Umatilla federal irrigation 
project. Construction was started in July, 1923, and completed in December, 
1926. Embankment, containing 2,287,000 cubic yards, has top length of 2,700 
feet, maximum height above creek channel of 165 feet, a 1 on 2 down stream 
slope and unusual upstream slope of 1 on 1.75. Advantage was taken of 
unusually stable embankment material available to give somewhat steep 
slope, resulting in saving of $500,000 as compared with 1 on 3 upstream slope 
commonly used for earth-fill dams. Upstream face is covered with continuous 
slab of reinforced concrete paving. Dam creates reservoir 4 miles long by 1 
mile wide, with storage capacity of 73,000 acre-feet. Estimated cost was 
$2,500,000 and acutal cost, $2,115,197.12—R. E. Thompson. 


Mokelumne Water Supplies. Eng. News-Rec., 100: 81, January 12, 1928. 
Progress outlined. Outlet tunnel for Pardee reservoir, 2.2 miles long, was 
started in July and on December 15 headings had been advanced 1900 feet. 
Both this tunnel and Claremont tunnel, 3.4 miles long, at lower end of line, 
are scheduled for completion in 1929. Dam was commenced in July, 1927. 
Early in December, 82 per cent of 65-inch aqueduct was in place. Completion 
is expected in 1928.—R. E. Thompson. 
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Hetch Hetchy Water Project. Eng. News-Rec., 100: 81, January 12, 1928. 
Brief data on progress in 1927 on Hetch Hetchy aqueduct, which will convey 
water from headwaters of Tuolumne River 168 miles to San Francisco. The 
16 miles of 13 by 14-foot tunnel in foothill division is approaching completion. 
Uncompleted gap includes 45 miles of steel pipe to be built across San Joaquin 
Valley and 30} miles of tunnel through Coast Range Mountains. This work 
will occupy about four years.—R. E. Thompson. 


ABSTRACTS, SUB-COMMITTEE NO. 9 


JoIntT RESEARCH COMMITTEE ON BOILER FEEDWATER STUDIES 


The Significance of the Corrosion Question in Practical Boiler Operation. 
A.SpiitrGerBer. Korrosion Metallschutz 3: 149-53, 1927. Chem. Abstracts, 
May 20, 1928, 22: 1817. A discussion of the influence of the chemical nature 
of feed water, of localized overheating, of O2 content of water, of boiler pres- 
sure, of oils in the boiler water, and of temperature on the corrosion of pre- 
heaters, boilers, superheaters, turbines and condensers in boiler systems. 
—J. K. Roberts. 


Corrosion of Iron and Steel, with Special Reference to Marine Boilers. W. 
B. Lewis and G. S. Irvine. Shipbldrs. (Newcastle-on-Tyne), 35: 213, May, 
1928, pp. 343-345. Differential-aération corrosion; factors which influence 
corrosion; prevention of corrosion. Paper p:esented before Institution of 
Marine Engineers. 


Boiler Explosion at a Fifeshire Colliery. Colliery Guardian (Lond.), 136: 
3510, April 5, 1928, p. 1377, 1 fig. Review of report of preliminary inquiry on 
explosion from cast-iron steam-regulating valve chest at No. 3 Michael Col- 
liery, East Wemyss, Fifeshire; explosion was caused by water-hammer action; 
claims that systematic inspection would have prevented this explosion. 


Russian Instructions for Chemical Analyses of Boiler Feedwater and Control 
of Water Softening Apparatus. Izvestiya Teplotechnicheskovo Instituta 
(Moscow), no. 1 (34), 1928, pp. 82-93. Official text of Russian instructions for 
““complete”’ and “‘short’’ analyses of feedwaters, adopted on April 17, 1928. 
In Russian. 


Advances in the Preparation of Boiler Water in the Years 1925-1927. Horer 
Kart. Chem. Ztg. 52: 11; Fortschrittsber., 1928, 10-18. Chem. Abstracts, 
April 10, 1928, 22: 1201.—E. H. 


Priming and Impurities in Feed Water. A. W. Eweiu. Power, 67: 370-2, 
1928. Chem. Abstracts, April 20, 1928, 22: 1420. Priming is increased by 
the presence of sugar, alkalies, and acids and decreased by suspended particles 
of boiler scale or of kaolin.—D. B. Dill. 
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Investigation of the Influence of Automatic Water-Level Regulators on Ven- 
turi Meters for Boiler-Feed Water. M.Scuaack and H. LonmMann. Appara- 
tebau, 40: 50-5, 1928; 11 cuts and 12 charts. Chem. Abstracts, May 20, 1928, 
22: 1816. Expts. with E. HANNEMANN’s regulators ‘‘Direkt’’ are described 
in detail.—J. H. Moore. 


Boiler Feed-Water Treatment from the English Viewpoint. D. Brown ie 
Power House (Toronto), 22: 10, May 20, 1928, pp. 31-32 and 53, 1 fig. Some 
comments on progress throughout world; gigantic scheme of coéperative 
reseach on feedwater treatment is being carried out in United States; remedy 
for embrittlement; steel under stress. 


Boiler Scale Prevention. A. T. Ripovut. Machy. Market, (London), 
no. 2439, June 1, 1928, pp. 495-496. Physical system of treating water for 
boilers; by its use seawater may be used for make-up feed; system utilizes 
colloids; coagulation and absorption of colloids fairly important; treatment of 
linseed. oil; elimination of oil in feedwater. Paper read before Institution 
of Marine Engineers. 


Filtering and Softening Boiler Feed Water. H.M.Mansu. Power House 
(Toronto), 22: 10, May 20, 1928, pp. 33-34, 4 figs. Use of sand filters or sand 
filters and zeolite water-softening filters for treating boiler feedwater; picks 
up impurities; bagging and blistering. 


Latest Developments in Feedwater Treatment. D. Brownie. Eng. and 
Boiler House Rev. (London), 41: 11, May, 1928, pp. 533-534. Takes up 
problem of embrittlement; result of work in United States shows that em- 
brittlement can only be caused when plates are in state of stress and when 
there is solution of caustic soda of more than 4000 grains per gallon; advantage 
of sodium phosphate and sodium tannate; in general, corrosion of boilers 
in stationary land practice is not such serious matter in Great Britain as in 
many other countries. 


Steam Boiler Water Treatment. A. T. Rrpovt. Elec. Rev. (London), 
102: 2636, June 1, 1928, p. 967. Non-chemical method of preventing accumu- 
lation of scale in water-circulating systems by employment of true colloids, 
which it is claimed will enable seawater to be used for making-up boiler feed- 
water. Extracts from paper read before Institution of Marine Engineers. 


Getting Good Results from a Filter. A. L. GosneLtu. Water Works, 
67: 6, June, 1928, p. 249. Practical suggestions; scraping filters; washing 
filters. Paper presented to Maryland Water and Sewerage Assn. 


Developments in Water Filtration. J. R. Baytis. Can. Engr., (Toronto), 
54: 23, June 5, 1928, p. 588-590. Recent developments which have been made 
in treatment and filtration of water; recent practice in treatment of hard 
waters; outline of progress in water purification, giving few developments that 
stand out most prominently. 
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Eliminating Turbidity and Trade Wastes. G. E. Rickarp. Water Works 
Eng., 81: 11, May 238, 1928, pp. 671-672, 686, 689-690 and 693, 11 figs. Some 
of big filtration problems met by new Wheeling, W. Va., plant; unusual oper- 
ating experiences; filtration plant was built for average consumption of 
20,000,000 gallon; acidity and alkalinity; iron content of water; hydrogen-ion 
concentration and chlorides; bacteriological results; typhoid fever; saving 
under new system. 


Filter Plant Operation Trials. W.H. Jonnson. Can. Engr. (Toronto), 
54: 22, May 29, 1928, p. 575. Troubles met with at small plants discussed; 
superintendent must be versatile; operating troubles. Paper presented before 
Kentucky-Tennessee Section, American Water Works Association. 


Steps in Laboratory Control by Modern Purification Plant. E.S. Hopkins. 
Water Works Eng., 81: 10, May 9, 1928, pp. 636 and 639. Water examined to 
determine proper amount of chemicals needed and for bacteriological tests; 
systematic control required; tests determine plant efficiency; laboratory 
tests made daily. 


Discoloration After Scraping: Contributory Causes and Remedies. Water 
and Water Eng. (London), 30: 353, May 21, 1928, pp. 228-229. Scraping 
operations which led up to unsatisfactory conditions; summarizes probable 
remedies for causes already set out, each of which contributed towards trouble. 
Read before Institution of Water Engineers. 


Pollution of Water Supplies. M. Z. Bair. Can. Engr. (Toronto), 54: 
22, May 29, 1928, p. 573. Various causes of contamination; groundwater 
supplies; emergency intakes; contamination from new mains; pollution from 
cross-connections; connections with private systems. Paper presented 
before Southwest Water Works Assn. 


Drinking Water From Sea Water. E. T. Eruis. Dock and Harbour Au- 
thority (London), 8: 87, January, 1928, p.71. Preliminary processes; freezing 
out salt-free water; distillation at diminished pressure; low temperature 
distillation; high temperature distillation. 


Elements of Successful Coagulation and Filtration. H. N.Jenxs. Water 
Works, 67: 5, May, 1928, pp. 203-206, 4 figs. Design features as related to 
coagulation; design of mixing devices; influence of plant design on filtration; 
design of underdrain system; size and depth of sand; depth of water in filter 
sand; filter-control equipment; effects of operating procedures on coagulation; 
filtration as affected by operating methods. Paper presented at lowa Water 
Works Conference. 


Water Purification. A. Houston. Chem. and Industry (London), 47: 
20, May 18, 1928, pp. 522-525, 11 figs. Author deals primarily with metropoli- 
tan water supply, London; notes pronounced beneficial effect of storage at 
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Chelsea reservoirs; gives illustrations exemplifying success of purification 
policy of Water Board; most of water is filtered through fine sand at slow rate 
of less than 2 gallons per square foot per hour; chlorination. 


Qualities of Waters from Deep Wells. H. F. Biomagoist. Can. Engr. 
(Toronto), 54: 23, June 5, 1928, pp. 583-584. Supplies from water-bearing 
formations more than 200 feet deep discussed; desirable qualities of water; 
sampling water at varying depths in wells; groundwaters vary widely. Paper 
presented at Water Works Conference. 


Boiler Feed Water and Deep Wells. J.S.Ganper. Eng. and Boiler House 
Rev. (London), 41: 11, May, 1928, pp. 528-530, 2 figs. London Basin is de- 
scribed as good geological illustration showing how pure water may be ob- 
tained from strata underlying large city; analysis of water obtained; methods 
of raising water from deep wells. (To be continued.) 


Small Water Plant Starts Own Laboratory Test Works. F. E. Turner. 
Water Works Eng., 81: 10, May 9, 1928, p. 639. Results indicate that small 
purification plant will do well to establish own laboratory; tests are made 
each day to check operations. Abstract of paper read at Missouri Conference 
on Water Purification, Sedalia, Mo. 
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PAST PRESIDENTS 


"Cos. J. T. Chien, 1881-1882 
°J. G. Banden) Téted 1883-1884 
°*L, H. Ganon, Now 1884-1885 
Mins, Brooklyn, N. 1885-1886 
F. Jones, Kansas City, 1886-1887 
*J. T. Fanntna, Minneapolis, 1887-1888 
°A. N. Moines, Tas 1888-1889 
*G. H. BenzenBerG, Milwaukee, 1892-1893 
Jamzs P. Donanus, Davenport, 1893-1894 
OW. G; Atlante; 1895-1896 
°F, A. W. Daven) 1896-1897 
*JosepH A. Bonn, Wilmington, 1898-1899 
Morais R. SHERRERD, Newark, N. 1904-1905 
tBensamin C. Apxrins, St. Louis, 1905-1906 
Mason, Troy, Ni 1909-1910 
ALEXANDER Ming, St. Catharines, 1911-1912 
Dow R: Gwin, Terre Haute, deeds 1912-1913 
Rosert J. Tomas, Lowell, 1913-1914 
Gzoror G. Earn, New Orleans, 1914-1915 
Necuouas S. Jn., Now York; Ni 1915-1916 
*LEONARD Metcatr, Boston, 1916-1917 
THEoporeE A. LEISEN, Detroit, 1917-1918 
R. HENDERSON, Davenport, 1918-1919 
CarteTon E. Davis, Philadelphia, 1919-1920 
Bserxman C. Litriz, Rochester, N. 1920-1921 
Georce Fuuuer, New York, N. 1923-1924 
Frank C. Jorpan, Indianapolis, 1924-1925 
ALLAN W. CuppeEsBack, Paterson, N. 1926-1927 
* Deceased. 


t+ Not now a member of the Association. 
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CONVENTIONS 


Place Date 
St. Louis, Mo............... March 29, 1881 
Columbus, Ohio............. March 14-16, 1882 
Mi May 15-17, 1883 
Cincinnati, Ohio............ April 15-17, 1884 
Boston, Mass................ April 21-23, 1885 
Denver, Colo...............- June 23-25, 1886 
Minneapolis, Minn.......... July 13-15, 1887 
Cleveland, Ohio............. April 17-19, 1888 
Louisville, Ky............... April 16-18, 1889 
May 20-24, 1890 
Philadelphia, Pa............ May 14-17, 1891 
New York, N. Y............ May 17-19, 1892 
Milwaukee, Wis............. September 5-9, 1893 
Minneapolis, Minn.......... August 21-23, 1894 
Atlanta, May 28-30, 1895 
Indianapolis, Ind............ May 26-28, 1896 
Denver, Colo................ June 8-10, 1897 
Ni June 14-18, 1898 
Columbus, Ohio............. May 16-19, 1899 
Richmond, Va............... May 15-18, 1900 
New York, N. Y............ June 17-22, 1901 
Detroit, Mich............... June 23-26, 1903 
West Baden, Ind............ May 9-12, 1905 
Boston, Mass................ June 26-30, 1906 
Toronto; Ont: June 17-21, 1907 
Washington, D. C........... May 11-16, 1908 
Milwaukee, Wis............. June 7-12, 1909 
New Orleans, La............ April 25-29, 1910 
Rochester, N. Y.............June 5-10, 1911 
Ky. June 3-7, 1912 
Minneapolis, Minn.......... June 23-27, 1913 
Philadelphia, Pa............ May 11-15, 1914 
Cincinnati, Ohio............ May 10-14, 1915 
June 5-9, 1916 
Richmond, Va...............May 7-11, 1917 
We. May 13-17, 1918 
Montreal, Que............... June 21-25, 1920 
Cleveland, Ohio............. June 6-10, 1921 
Philadelphia, Pa............ May 15-19, 1922 
June 21-25, 1923 
0000008 April 27—May 1, 1925 
ee June 7-11, 1926 
ee June 6-11, 1927 
San Francisco, Calif......... June 11-15, 1928 
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President 

J. T. Foster 

J. T. Foster 

J. T. Foster 

J. G. Briggs 

L. H. Gardner 
Peter Milne, Jr. 

B. F. Jones 

J. T. Fanning 

A. N. Denman 

J. H. Decker 

Wm. B. Bull 

J. M. Diven 

G. H. Benzenberg 
James P. Donahue 
William Ryle 

W. G. Richards 

F. A. W. Davis 
John Caulfield 
Joseph A. Bond 

R. M. Clayton 
Charles E. Bolling 
Wm. R. Hill 
Chas. H. Campbell 
L. N. Case 
Morris R. Sherrerd 
Benjamin C. Adkins 
Dabney H. Maury 
George H. Felix 

D. W. French 

Wm. P. Mason 
John W. Alvord 
Alexander Milne 
Dow R. Gwinn 
Robert J. Thomas 
George G. Earl 
Nicholas Hill, Jr. 
Leonard Metcalf 
Theodore A. Leisen 
Charles R. Henderson 
Carleton E. Davis 
Beekman C. Little 
Edward Bartow 
W. S. Cramer 
George W. Fuller 
Frank C. Jordan 
Harry F. Huy 
Allan W. Cuddeback 
James E. Gibson 
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OFFICERS FOR 1928-1929 


President 


Witu1aM W. Brusu, Chief Engineer, Department of Water Supply, Gas and 
Electricity, Municipal Bldg., New York, N. Y. 


Vice-President 


Jack J. Hinman, Jr., Associate Professor of Sanitation, University of Iowa, 
P. O. Box 313, Iowa City, Iowa. 


Treasurer 


GrorcE C. GENSHEIMER, Secretary, Commissioners of Water Works, Erie, 
Pa. 


Secretary 
BrexMan C. 305 Cutler Building, Rochester, N. Y. 


Editor 
ABEL WotMAN, 2411 No. Charles Street, Baltimore, Md. 


Trustees 
Term Expiring 1929 
Freperic E. Beck, J. G. White & Co., Inc., 37 Wall St., New York, N. Y. 
J. O. Craia, Superintendent Water Works, Salisbury, N. C. 


Tueopore A. LeiseN, General Manager, Metropolitan Utilities District, 
Utilities Bldg., Harney at 18th St., Omaha, Nebr. 


Term Expiring 1930 


Louis R. Howson, Messrs. Alvord, Burdick & Howson, 130 Eighth Ave., 
LaGrange, IIl. 

George W. Pracy, Superintendent Spring Valley Water Co., 425 Mason St., 
San Francisco, Calif. 

Sera M. Van Loan, Deputy Chief, Bureau of Water, 709 City Hall, Philadel- 
phia, Pa. 


Term Expiring 1931 


C. D. Brown, Manager, Walkerville Water Co., Walkerville, Ont., Canada. 

Joun CuamBeErs, Chief Engineer & Superintendent, Louisville Water Co., 
Lousville, Ky. 

H. Taytor, Superintendent Water Works, 312 Municipal Bldg., 
New Bedford, Mass. 
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4 LIST OF OFFICERS 


Executive Committee 
WILLIAM W. BRUSH, Chairman 


FREDERIC E. BECK JACK J. HINMAN, JR. 
CHARLES R. BETTES LOUIS R. HOWSON 

Cc. D. BROWN THEODORE A. LEISEN 
JOHN CHAMBERS BEEKMAN C. LITTLE 
J. O. CRAIG GEORGE W. PRACY 
ALLAN W. CUDDEBACK STEPHEN H. TAYLOR 
GEORGE C. GENSHEIMER SETH M. VAN LOAN 
JAMES E. GIBSON ABEL WOLMAN 


HONORARY VICE-PRESIDENTS 


F. W. ALBert, Chairman, Kentucky-Tennessee Section 
Freperic E. Beck, President, New York Section 

Joun Burt, President, California Section 

D. C. Grosset, President, Central States Section 

A. J. Hatt, Chairman, Wisconsin Section 

Nicuovas 8. Jr., Chairman, Fire Protection Division 
Harry F, Huy, Chairman, Plant Management and Operation Division 
J. W. Keusey, Chairman, Minnesota Section 

W. A. Kuniex, President, Pacific Northwest Section 

F. LanGe.ier, Chairman, Water Purification Division 
C. G. Loean, President, North Carolina Section 

J. O. Meapvows, Chairman, Canadian Section 

A. P. Micuazts, Chairman, Florida Section 

J. W. Moors, President, Indiana Section 

C. M. Roos, Chairman, Illinois Section 

JosEpH M. Scumit, President, Montana Section 

THomas J. SkinKER, Chairman, Missouri Valley Section 

Paut E. Strouse, Chairman, Rocky Mountain Section 

Seto M. Van Loan, President, Four-States Section 


AFFILIATED SOCIETIES 


Kansas WATER WoRKS ASSOCIATION 
SOUTHEASTERN WATER AND Liacut ASSOCIATION 
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COMMITTEES 


ADMINISTRATIVE 


Witu1aM W. Brusa, Chairman, Chief Engineer, Department of Water Supply, 
Gas and Electricity, Municipal Bldg., New York, N. Y. 

CuarEs R. Bettes, Long Island Water Corp. Far Rockaway, L. I., N. Y. 

GrorGE C. GENSHEIMER, Secretary, Commissioners of Water Works, Erie, 


Pa. 
PUBLICATION 
C. A. Emerson, Jr., Chairman, 804 Pennsylvania Bldg., 15th and Chestnut 
Sts., Philadelphia, Pa. 


BrexMan C. Litt ez, Secretary, 305 Cutler Bldg., East Ave., Rochester, N. Y. 

ABEL Wotan, Editor, 16 West Saratoga St., Baltimore, Md. 

F. G. CunnincuaM, 170 Broadway, New York, N. Y. 

W. W. DeBsrarp, Engineering News Record, 7 So. Dearborn St., Chicago, Ill. 

Linn H. Enstow, Chlorine Institute, 30 E. 42nd St., New York, N. Y. 

C. G. Gituespiez, Director, State Board of Health, Bureau of Sanitary Engi- 
neering, Oakland, Calif. 

ARTHUR E. Gorman, Chicago Sanitary District, 6743 Olympia Ave., Chicago, 
Ill. 

Danret C. Grosset, Assistant Secretary, Board of Water Commissioners, 
Detroit, Mich. 

ArtTHUR L. MULLERGREN, Consulting Engineer, 770 Board of Trade Bldg., 
Kansas City, Mo. 


FINANCE 


Cuarves R. Betres, Chairman, Long Island Water Corp., Far Rockaway, 
¥. 

R. L. Dossin, Superintendent Water Works, 223 Aylmer St., Peterborough, 
Ont., Canada. 

E. G. WitHeELM, Williamsport Water Co., Williamsport, Pa. 


MEMBERSHIP 


A. U. SanpErson, Chairman, Filtration Plant, Centre Island, Toronto, 
Ont., Canada. 

Tuomas L. Amiss, Superintendent Water and Sewage, Shreveport, La. 

Crci K. Catvert, Chemist, Indianapolis Sewage Commission, 1902 N. 
New Jersey Ave., Indianapolis, Ind. 
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6 LIST OF COMMITTEES 


CONVENTION 


BreEekMan C. Litrie, Chairman, 305 Cutler Bldg., Rochester, N. Y. 

GreorGE W. BaTcHELDER, Water Commissioner, 19 City Hall, Worcester, 
Mass. 

V. Bernarp Siems, Vice President & Chief Engineer, National Water Works 
Corp., 11 Broadway, New York, N. Y. 


CONVENTION COMMITTEE OF WATER WORKS MANUFACTURERS ASSOCIATION 


James H. CaLpwE Lt, 55 First St., Troy, N. Y. 
Joun A. KiENLE, Mathieson Alkali Works, 250 Park Ave., New York, N. Y. 
Dennis F, O’Brien, A. P. Smith Manufacturing Co., East Orange, N. J. 


DIVEN MEMORIAL 


Harry F. Huy, Chairman, General Manager, Western New York Water Co. 
11 Niagara St., Buffalo, N. Y. 

Nicuotas 8. Hii, Jr., Consulting Engineer, 112 E. 19th St., New York, N. Y. 

WiuFreEp F, LANGELIER, Associate Professor, Sanitary Engineering, Univer- 
sity of California, Berkeley, Calif. 

BEEKMAN C, Litr.e, 305 Cutler Bldg., Rochester, N. Y. 

MAtcoi” Pirie, Messrs. Hazen & Whipple, 25 W. 43rd St., New York, N. Y. 

ABEL WotmaN, 2411 No. Charles St., Baltimore, Md. 


REVISION OF THE CONSTITUTION 


R. L. Dossrn, Chairman, Superintendent of Water Works, 223 Aylmer St., 
Peterborough, Ont., Canada. 

W. S. Cramer, Vice President & Manager, Lexington Water Co., Lexington, 
Ky. 

W. W. DeBerarp, Engineering News-Record, 7 So. Dearborn St., Chicago, 
Ill. 

Grorce H. Frenke.1, Superintendent & General Manager, Board of Water 
Commissioners, Jefferson & Randolph Sts., Detroit, Mich. 

Dennis F. O’Brien, President, A. P. Smith Mfg. Co., East Orange, N. J. 

Grorce W. Pracy, Superintendent, Spring Valley Water Co., 425 Mason 
St., San Francisco, Calif. 

Rosert Spurr Weston, Consulting Sanitary Engineer, 14 Beacon St., Boston, 
Mass. 

Brekman C. Litt.z, (Associate Member, ex-officio). Secretary of A. W. W. A. 
305 Cutler Building, Rochester, N. Y. 

ABEL WotMAN, (Associate Member, ex-officio), Editor of the Journal, 2411 
No. Charles St., Baltimore, Md. 


REPRESENTATIVES ON AMERICAN COMMITTEE ON ELECTROLYSIS 


Nicuoxas §. Jr., 112 East 19th St., New York, N. Y. 

D. D. Jackson, Havemeyer Hall, Columbia University, New York, N.Y. 

Epwarp E. Mrnor, General Manager, New Haven Water Co., New Haven, 
Conn. 
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REPRESENTATIVES ON AMERICAN ENGINEERING STANDARDS COMMITTEES 


Standardization of Pipe I \arges and Fittings 
Frank A. Barzsour, Hydraulic and Sanitary Engineer, 1120 Tremont Bldg. 
Boston, Mass. 


Revision of Cast Iron Pipe Standards 


Frank A. Barsour, Hydraulic and Sanitary Engineer, 1120 Tremont Bldg., 
Boston, Mass. 


Standardization of Fire Hose Coupling Thread 
Dennis F. O’Brien, A. P. Smith Manufacturing Co., East Orange, N. J. 


Simplification and Standardization of Manhole Frames and Covers 
Frank A. Marston, 1300 Statler Bldg., Boston, Mass. 


Specifications for Zinc Coating of Iron and Steel 
Ray C. Ewry, Municipal Bldg., Room 2200, New York, N. Y. 


COMMITTEE ON WATER WORKS PRACTICE 


MatcoiM Pirniz, Chairman, Messrs. Hazen & Whipple, 25 W. 48rd St., New 
York, N. Y. 

Frank A. Barsour, Hydraulic & Sanitary Engineer, 1120 Tremont Bldg., 
Boston, Mass. 

Rotio K. Buancnarp, Engineer, Neptune Meter Co., 50 E. 42nd St., New 
York, N. Y. 

W. S. Cramer, Vice President & Manager, Lexington Water Co., Lexington, 
Ky. 

F. G. CunnineGuaM, Messrs. Fuller & McClintock, 170 Broadway, New York, 
N. Y. 

W. W. DeBerarp, Engineering News-Record, 7 So. Dearborn St., Chicago, 
Il. 

ArtuHour E. Gorman, Chicago Sanitary District, 6743 Olympia Ave., Chicago, 
Ill. 

GeoraeE W. Pracy, Superintendent, Spring Valley Water Co., 425 Mason St., 
San Francisco, Calif. 


Topics and Personnel of Active Committees 


Committee No. 1—Standard Methods of Water Analysis 
Jack J. HinmAN, Jr., Chairman, Associate Professor of Sanitation, Uni- 
versity of Iowa, P. O. Box 313, Iowa City, Iowa 
(a) Chemical Methods 
R. C. BARDWELL, 3211 Hanover Ave., Richmond, Va. 
Joun R. Bay ts, 1643 E. 86th St., Chicago, Ill. 
C. 8. Borurr, 208 West Iowa St., Urbana, III. 
A. M. BusweE Lt, Chief, State Water Survey Division, Urbana, III. 
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8 LIST OF COMMITTEES 


Date L. Marritr, Chemist, Des Moines Municipal Water Plant, 
Des Moines, Iowa. 
F.Loyp W. Moutman, Chief Chemist, Sanitary District of Chicago, 
1014 So. Michigan Ave., Chicago, III. 
(b) Bacteriological Methods 
N. J. Howarp, Bacteriologist in Charge, Water Purification, 
Island Filtration Laboratories, 410 Lake Shore, Centre Is., 
Toronto, Ont., Canada. 
Harry E. Jorpan, Sanitary Engineer, Indianapolis Water Co., 
113 Monument Circle, Indianapolis, Ind. 
Max Levine, Associate Professor of Bacteriology, Iowa State 
College, Ames, Iowa. 
MacHarvey McCrapy, Chemist & Bacteriologist, Board of 
Health of P. Q., 59 Notre Dame, East, Montreal, Canada. 
Joun F. Norton, Department of Health Laboratories, Herman 
Kiefer Hospital, Detroit, Mich. 
(c) Microscopical Methods 
Witrrep F. LaNnGe.ieR, Associate Professor of Sanitary En- 
gineering, University of California, Berkeley, Calif. 
(d) Field Representatives 
Lewis I. Brrpsatu, General Chemical Co., 300 W. Adams St., 
Box 3, Chicago, III. 
Linn H. Enstow, The Chlorine Institute, Inc., 30 E. 42nd St., 
New York, N. Y. 
Suepparp T. Poweit, Chemical Engineer, 213 St. Paul Place, 
Baltimore, Md. 


Committee No. 2—Standards for Satisfactory Drinking Water—Work Completed. 


Committee No. $—Practicable Loadings for Purification Processes 
H. W. Srreeter, Chairman, U. 8. Public Health Service, 3rd and Kilgour 
Sts., Cincinnati, Ohio 
C. M. Datny, St. Louis Water Dept., St. Louis, Mo. 


WELLINGTON Donatpson, Fuller & McClintock, 170 Broadway, New 
York, N. Y. 


Harry F. Ferauson, Chief Engineer, State Dept. of Health, Spring- 
field, Ill. 


A. F. Me.ten, Filtration Engineer, Columbia Heights Filtration Plant, 
Minneapolis, Minn. 

Ricuarp Messer, State Dept. of Health, Richmond, Va. 

E. H. Reap, Johns Hopkins University, Baltimore, Md. 

F. Hotman Warina, State Dept. of Health, Columbus, Ohio 


Committee No. 4—Physical Chemistry in Relation to Water Purification— 
Work completed. 


Committee No. 5—Watershed Protection—Work completed. 


Committee No. 6—Industrial Wastes in Relation to Water Supply 
e L. Fatxs, Chairman, Metcalf & Eddy, 1300 Statler Bldg., Boston, 
ass 


A. CO. Decker, Tenn. Coal, Iron & R. R. Co., Birmingham, Ala. 
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W. H. Dirroz, Mahoning Valley Sanitary Dist., Youngstown, Ohio. 
C. A. Emerson, Jr., Fuller & McClintock, 804 Pennsylvania Bldg., 15th 


and Chestnut Sts., Philadelphia, Pa. 
Harry B. Hommon, U. S. Public Health Service, 420 Call Bldg., San 


Francisco, Cal. 
J. K. Hoskins, U. S. Public Health Service, 3rd and Kilgour Sts., Cin- 


cinnati, Ohio. 
Norman J. Howarp, Filtration Laboratories, 410 Lake Shore, Centre 


Island, Toronto, Ont. 

F. W. Moutman, Sanitary District of Chicago, 1014 So. Michigan Ave., 
Chicago, IIl. 

James A. NEWLANDS, 11 Laurel St., Hartford, Conn. 

C. A. Spencer, Mountain Water Supply Co., 502 First Natl. Bank Bldg., 
Greensburg, Pa. 

Committee No. 7—-Pumping Station Betterments 
Leonarp A. Day, Chairman, Water Commissioner, 312 City Hall, St. 


Louis, Mo. 

CHaRLEs BrossMaN, Cons. Engr., 1010 Chamber of Commerce Bldg., In- 
dianapolis, Ind. 

Joun N. Cuester, Clark Bldg., Pittsburgh, Pa. 

F. G. CunninGuHaM, Fuller & McClintock, 170 Broadway, New York, N. Y- 

L. R. Howson, Alvord, Burdick & Howson, 130 8th Ave., LaGrange, IIl. 

ArtuurR L. MULLERGREN, Cons. Engr., 770 Board of Trade Bldg., Kan- 
sas City, Mo. 

Committee No. 8—Physical Standards for Distribution System 
G. Gate Drxon, Chairman, Mahoning Valley Sanitary Dist., 901 City 


Bank Bldg., Youngstown, Ohio. 
CLARENCE GotpsmiTH, Nat. Bd. of Fire Underwriters, 222 W. Adams St., 


Chicago, 
J. ARTHUR JENSEN, Supervisor, Water Works Dept., Minneapolis, Minn. 
Joun F. Lasoon, 346 Bower Hill Road, Pittsburgh, Pa. 
E. E. Lanruer, Bureau of Water, 416 City County Bldg., Pittsburgh, Pa. 
W. E. MacDonatp, City Water Works Engr., 21 Fourth Ave., Ottawa 


Canada 
V. Bernarp Srems, Vice Pres. and Chf. Engr., National Water Works 


Corp., 11 Broadway, New York, N. Y. 
T. J. Skrnxer, Engr. in Charge of Distribution, 4600 McRae Ave., St. 


Louis, Mo. 
W. Z. Smiru, Water Works, 1678 N. Rock Springs Road, Atlanta, Ga. 


N. T. Veatcu, Jr., Cons. Engr., Mutual Bldg., Kansas City, Mo. 


Committee No. 9—Standard Specifications for Cast Iron Pipe and Specials 
Frank A. Barsour,* Chairman, Hydr. and San. Engr., 1120 Tremont 


Bldg., Boston, Mass. 


, a on American Engineering Standards Committee on Cast 
ron Pipe. 
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LIST OF COMMITTEES 


Witi1am W. Brusu,* Chf. Engr., Dept. Water Supply, Gas and Elect., 
2456 Municipal Bldg., New York, N. Y. 

Witiram C. Hawtey,* Chf. Engr. and Genl. Supt., Pennsylvania Water 
Co., 712 South Ave., Wilkinsburg, Pa. 

N. F. Russe.i, Drawer 306, Burlington, N. J. 

Epwarp E. Wa tt,* 5361 Pershing Ave., St. Louis, Mo. 

Tuomas H. Wiaarn,* Cons. Engr., 40 Exchange Place, New York, N. Y. 

Water Woop, President, Millville Water Co., Phila., Pa. 

Committee No. 10—Service Connection Practice 


James E. Grsson, Chairman, Manager and Engineer, Water Dept., 14 
George St., Charleston, S. C. 
Wo. W. Brusu, Chf. Engr., Dept. Water Supply, Gas and Elect., 2456 
Municipal Bldg., New York, N. Y. 
R. B. Morsg, Ch. Engr., Washington Suburban San. Dist., Hyattsville, Md. 
GrorceE W. Pracy, Supt., Spring Valley Water Co., 425 Mason St., San 
Francisco, Cal. 
W. Z. Smiru, Water Works, 1678 N. Rock Springs Road, Atlanta, Ga. 
STANFIELD, Water Commissioner, Topeka, Kansas. 
StrerHeN H. Taytor, Supt. Water Works, 312 Municipal Bldg , New Bed- 
ford, Mass. 
Committee No. 11—Sanitary Fountains—Work completed. 
Committee No. 12—Testing of Water Works Materials and Supplies—Work 
completed. 
Committee No. 18—Methods and Records of Water Waste Control—Work com- 
pleted. 
Committee No. 14—Committee on Meter Rates—Work completed. 
Committee No. 15—Practical Standards of Rules and Regulations of Relations 
Between Water Works and Consumers—Work completed. 
Committee No. 16—Essential Data for Water Records and Reports—Work 
completed. 
Committee 17—Steel Pipe Lines—Work completed. 
Committee No. 18—Filter Sand, Testing and Recording 
Paut HansEN, Chairman, Pearse, Greeley & Hansen, 6 No. Michigan 
Ave., Chicago, IIl. 
Grorce F. Cattett, Sanitary Engr., State Board of Health, Raleigh, 
N. C. 
Epwarp S. Cuase, Metcalf & Eddy, 1300 Statler Bldg., Boston, Mass. 
Coe M. Everett, Hazen & Whipple, 25 West 43d St., New York, 
Harry F. Ferauson, Ch. Engr., State Dept. of Health, Springfield, Ill. 
Wixu1am Gore, Cons. Engr., Confederation Life Bldg., Toronto, Ont. 
Greorce C. Hasermeyer, Chemistry Bldg., University of Illinois, 
Urbana, IIl. 
P. B, Srreanper, 7208 Hazel Ave., Bywood, Upper Darby, Pa. 
James E, Wiiu1amson, Cons. Engr., 39 Cortlandt St., New York, N. Y. 
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Committee No. 19—Boiler Feed Water Studies 
8S. T. Powrext, Chairman, Chemical Engineer, 213 St. Paul Place, Balti- 
more, Md. 
Epwarp Bartow, University of Iowa, Iowa City, Ia. 


WELLINGTON Donatpson, Fuller & McClintock, 170 Broadway, New 
York, N.. Y. 


C. R. Know tes, Illinois Central R. R., Chicago, Ill. 
ABEL WoLtMAN, 2411 N. Charles St., Baltimore, Md. 
Committee No. 20—Steel Pipe 

J. Watpo Smirn, Chairman, Board of Water Supply, Municipal Bldg., 
New York, N. Y. 

Curnton L. Bogert, Consulting Engineer, 30 Church St., New York, 

GroraE H. FEnKELL, Supt. and Genl. Mgr., Board of Water Comnrs., 
Jefferson and Randolph Sts., Detroit, Mich. 

H. SEAVER JonEs, Vice Pres., East Jersey Pipe Co., 7 Dey St., New York, 
N.Y. 

GroraeE W. Pracy, Superintendent, Spring Valley Water Co., 425 Mason 
St., San Francisco, Calif. 

Frep C, Scosey, Senior Irrigation Engineer, U. 8. Dept. of Agriculture, 
Room 220, Post Office Bldg., Berkeley, Calif. 

Frank N. Spevier, Metallurgical Engr., 1802 Frick Bldg., Pittsburgh, 
Pa. 

Epwarp E. WA uL, 5361 Pershing Avenue, St. Louis, Mo. 

Cuar.gs V. Wirt, President, Witt-Humphrey Steel Co., Greensburg, Pa. 

Committee No. 21—Specifications for Steel Stand pipes and Water Towers 

James E. Gipson, Chairman, Manager and Engineer, Water Department, 
14 George St., Charleston, 8S. C. 

C. D. Assort, Associated Factory Mutual Fire Insurance Co., 184 High 
St., Boston, Mass. . 

James H. Epwarps, American Bridge Co., 71 Broadway, New York, N. Y. 

Grorce T. Horton, Chicago Bridge & Iron Works, 1305 W. 105th St., 
Chicago, IIl. 

Louis R. Howson, Alvord, Burdick & Howson, 130—8th Ave., Chicago, Ill. 

Harry F. Huy, Manager, Western New York Water Co., 11 Niagara St., 
Buffalo, N. Y. 

Joun E. O'Leary, Pittsburgh-DesMoines Steel Co., 50 Church St., New 
York, N. Y. 


Standard Specifications for Water Meters 


Cates M. Savitie, Chairman, Manager and Chief Engineer, Water Works, 
53 N. Beacon St., Hartford, Conn. 

Dow R. Gwiny, 215 ‘Adare Bldg., Edgewood Grove, Terre Haute, Ind. 

Rosert J. THomas, 85 Eleventh St., Lowell, Mass. 

Sera M. Van Loan, Deputy Chief, Buresu of Water, 709 City Hall, Philadel- 
phia, Pa. 
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Standard Specifications for Hydrants, Valves and Sluice Gates 


Freperic E. Beck, Chairman, J. G. White & Co., Inc., 37 Wall St., New 
York, N. Y. 

James H. CaLtpwE.t, 55 First Street, Troy, N.Y. 

Dennis F. O’Brien, A. P. Smith Manufacturing Co., East Orange, N. J. 

Morris R. SHerrerRD, Dept. Street and Public Improvements, City Hall, 
Newark, N. J. 

Seru M. Van Loan, Deputy Chief, Bureau of Water, 709 City Hall, Philadel- 
phia, Pa. 

Standard Brass Fittings 

Wiiu1am R. Epwarps, Chairman, Passaic Consolidated Water Co., 155 
Ellison St., Paterson, N. J. 

J. WALTER ACKERMAN, City Manager, Watertown, N.Y. 

Sets M. Van Loan, Deputy Chief, Bureau of Water, 709 City Hall, Philadel- 
phia, Pa. 

Standard Form of Contract 

J. Watpo Smita, Chairman, Consulting Engineer, Board of Water Supply, 
Municipal Bldg., New York, N. Y. 

Henry P. Boumann, Superintendent Water Works, Milwaukee, Wisc. 

J.N. Cuester, Consulting Engineer, Clark Bldg., Pittsburgh, Pa. 

Carueton E. Davis, Manager, Philadelphia Suburban Water Co., 762 Lan- 
caster Ave., Bryn Mawr, Pa. 

G. A. Etuiort, Spring Valley Water Co., 425 Mason St., San Francisco, Calif. 

THeopore A. Leisen, General Manager, Metropolitan Utilities District, 
Utilities Bldg., Harney at 18th St., Omaha, Nebr. 

Tuomas H. Wiaarn, Consulting Engineer, 40 Exchange Place, New York, N. Y. 


Private Fire Protection Services 

“Nicnouas 8. Hix, Jr., Chairman, Cons. Engr., 112 E. 19th St., New York, 
N, Y. 

Grorce G. Ear, Genl. Supt., 402 Sewerage and Water Board Bldg., New 
Orleans, La. 

E. V. Frencu, 185 Franklin St., Boston, Mass. 

Frank C. Jorpan, Secretary, Indianapolis Water Co., 113 Monument Circle, 
Indianapolis, Ind. 

WatrTer E. Miter, 1719 Madison St., Madison, Wisc. 


Collection of Material for Revision of the Manual 


Frank C, Jorpan, Chairman, Indianapolis Water Co., 113 Monument Circle, 
Indianapolis, Ind. 

E. L. Finsy, Vice-Chairman, Chief Sanitary Engineer, State Board of Health, 
Jacksonville, Fla. 

Samuret B. Morris, Vice-Chairman, Chief Engineer, Water Department, 
319 City Hall, Civic Center, Pasadena, Calif. 

W.S. Parron, Vice-Chairman, Manager, Ashland Water Works, Ashland, Ky. 
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Leon A. Smitu, Vice-Chairman, Superintendent Water Works, City Hall, 
Madison, Wisc. 

SrerHeEN H. Taytor, Vice-Chairman, Superintendent Water Works, 312 
Municipal Bldg., New Bedford, Mass. 

Harry E. Jorpan, Secretary, Sanitary Engineer, Indianapolis Water Co., 
113 Monument Circle, Indianapolis, Ind. 

Wi1t11aM W. Brusu, Chief Engineer, Dept. of Water Supply, Gas and Elec- 
tricity, Municipal Bidg., New York, N. Y. 

E. D. Cassz, The Pitometer Company, 50 Church St., New York, N. Y. 

EvuGENeE T. Crancu, 156 Weyman Ave., New Rochelle, N. Y. 

Cuester F. Drake, Division Superintendent, Pittsburgh Filtration Plant, 
Aspinwall, Pa. 

Hersert B. Foore, Director, Division Water and Sewage, State Board of 
Health, Helena, Mont. 

GerorGE W. Futter, Cousulting Engineer, 170 Broadway, New York, N. Y. 

James E. Grsson, Manager and Engineer, Water Dept., 14 George St., Charles- 
ton, 8. C. 

D. McLEan Hanna, Service Superintendent, City Hall, Windsor, Ont., Canada. 

Nicuo.as 8. Hitt, Jr., Consulting Engineer, 112 E. 19th St., New York, N. Y. 

N. J. Howarp, Bact. in Charge, Water Purification, Island Filtration Labora- 
tories, 410 Lake Shore, Centre Island, Toronto, Ont., Canada. 

J. ARTHUR JENSEN, Supervisor Water Works Department, Minneapolis, Minn. 

Frep W. Lang, Superintendent Water Works, 1132 Locust St., St. Petersburg, 
Fla. 

Beekman C. Littte, 305 Cutler Bldg., East Ave., Rochester, N. Y. 

Wn. A. McCarrrey, Supt. Water Works, 191 E. 6th St., Oswego, N.Y. 

J.W. McEvoy, Superintendent Water Works, Dubuque, Iowa. 

Matcoum Prirnig, Cons. Engr., 25 West 43rd St., New York, N. Y. 

SHepparp T. Powe, Chemical Engineer, 213 St. Paul Place, Baltimore, Md. 

Fe.ix SeLicMan, Pump Station, Duluth Water & Light Dept., Lakewood, 
Minn. 

Anson W. Squires, Superintendent, Tampa Water Works Dept., P. O. Box 
461, Tampa, Fla. 

Sera M. VanLoan, Deputy Chief, Bureau of Water, 709 City Hall, Phila- 


delphia, Pa. 
W. H. Werr, Georgia State Board of Health, 4 Capitol Square, S. W., Atlanta, 
Ga. 


ABEL WoLMAN, 2411 No. Charles St., Baltimore, Md. 
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ABSTRACTORS 
HANNAN, Frank, Chief, 285 Willow Ave., Toronto 8, Ont., Canada 


THompson, Rupoupw E., Assistant to Chief, Filtration Plant, 596 Milverton 
Blvd., Toronto, Ont., Canada 


Bankson, Exxis E., 813 Clark Building, Pittsburgh, Pa. 

BarRDWELL, R. C., 3211 Hanover Ave., Richmond, Va. 

Bay.is, JOHN R., 1643 E. 86th St., Chicago, III. 

Bioum, Artuour W. P., Assistant Sanitary Engineer, State Department of 
Health, 2206 Walbrook Ave., Baltimore, Md 

Buswe i, A. M., Chief of State Water Survey Division, Urbana, III. 

CARPENTER, Lewis V., Assistant Professor of Sanitary Engineering, West 
Virginia University, Box 562, Morgantown, W. Va. 

Cox, Cares R., Assistant Engineer, State Department of Health, Albany, 

GALLAHER, WILLIAM U., Assistant Sanitary Engineer, State Board of Health, 
Capitol Bldg., Madison, Wisc. ; 

Hopkins, Epwarp S., Montebello Filters, Hillen Road, Baltimore, Md. 

Houser, Georce C., Messrs. Metcalf & Eddy, 1300 Statler Bldg., Boston, 

Mass. 

Howarb, N. J., Bacteriologist in Charge, Water Purification, Island Filtration 
Laboratories, 410 Lake Shore, Centre Is., Toronto, Ont., Canada. 
McCrapy, MacHarvey, Chemist & Bacteriologist, Board of Health of P. Q., 

59 Notre Dame, East, Montreal, Canada. 

McNamEE, Rosert L., Principal Assistant Engineer, Messrs. Hoad, Decker, 
Shoecraft & Drury, State Savings Bank Bldg., Ann Arbor, Mich. 
Mituer, Artuur P., Associate Sanitary Engineer, ‘‘C’’ Bldg., 16 Seventh 

St., S. W., Washington, D.C. 
Nose, Ravpu E., Senior Bacteriologist, 1739 E. 67th St., Chicago, III. 
O’ NEILL, Joun H., Louisiana State Board of Health, New Orleans, La. 
Pierce, J. F., Springdale, Pa. 
ReINKE, Epwarp A., 102 C. E. Bldg., Berkeley, Calif. 
Rucuuort, C. C., 1014 So. Michigan Ave., Chicago, IIl. 
Speer, Cart, Jr., Sanitary Engineer, 7516 Colfax Ave., Chicago, Ill. 
TayLor, Grorce R., Sanitary Chemist, 115 Wyoming Ave., Scranton, Pa. 
Tompson, Daviv G., Water Resources Branch, U. S. Geological Survey, 
Washington, D. C. 


List of Publications Abstracted 


Affiliated Engineering Societies of Minnesota—Bulletin 
American Chemical Society—Journal 

American City 

American Electro-Chemical Society—Proceedings 
American Forestry 

American Medical Association—Annual Index 
American Medical Association—Journal 
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American Meteorological Society— Publications 
American Public Health Association—Journal 

American Railway Engineering Association—Journal 
American Society of Civil Engineers—Proceedings 
American Society for Municipal Improvements—Proceedings 
Board of Fire Underwriters—Reports 

Boston Society of Civil Engineers—Journal 

Canada Department of the Interior—Water Supply Bulletins 
Canadian Engineer 

Canadian Water Works Association—Journal 

City Reports (Misc.) 

Cleveland Engineering Society—Journal 

Concrete 

Connecticut Association of Civil Engineers—Proceedings 
Dayton Engineers’ Club—Publications 

Engineering Association of the South—Proceedings 
Engineering and Contracting 

Engineering News-Record 

Engineers’ Club of Philadelphia—Journal 

Engineers of St. Louis—Journal 

Engineers’ Institute of Canada—Journal 

Engineers’ Society of Western Pennsylvania—Proceedings 
Franklin Institute—Journal . 
Illinois Society of Engineers—Reports 

Illinois State Water Survey—Bulletins 

Indiana Engineering Societies—Proceedings 

Ingenieria Internacional (Published in New York) 

Iowa Engineering Societies—Proceedings 

Journal of Bacteriology 

Journal of Biological Chemistry 

Louisiana Engineering Society—Proceedings 

Mechanical Engineering (Jour. Am. Soc. M. E.) 

Missouri Water Works Association—Journal 

Monthly Weather Review (U.S. Weather Bureau) 
Municipal and County Engineering 

New England Water Works Association—Journal 

Ohio Engineering Societies—Proceedings 

Ohio Water Works Association—Proceedings 
Pennsylvania Water Works Association—Proceedings 
Power 

Power Plant Engineering 

Public Health Engineering Abstracts (U.S.) 

Public Utility Reports 

Public Works 

Railway Age 

Railway Maintenance Engineer 

Railway Mechanical Engineer 
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Railway Review 

Scientific Lubrication 

Southwestern Water Works Association—Journal 

State Boards of Health—Reports and Bulletins (Misc.) 

U_S. Bureau of Agriculture—Bulletins and Circulars 

U.S. Bureau of Census—Statistics 

U.S. Bureau of Mines—Bulletins, Circulars and Technical Papers 

U.S. Bureau of Standards—Bulletins, Circulars, Technical Papers, etc. 
U.S. Dept. of Agriculture—Bulletins and Circulars 

U.S. Public Health Service—Reports, Bulletins and Reprints 

U. S. Geological Survey—Water Supply Papers, Bulletins and Circulars 
University Bulletins (Misc.) 

Utah Society of Engineers—Proceedings 

Water Works Engineering 

Western Construction News 

Western Society of Engineers—Journal 
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CavLFIELP, JoHN. 963 Linwood Place, St. Paul, Minn...... 
Crayton, R. M. American Savings Bank, Atlanta, Ga...... 
DONAHUE, James P. 520 Citizens Bank Bldg., Daven- 

*“Eant, Groncn GoopELL. Gen. Supt., 402 Sewerage & Water 


Witiiam. Chief Engineer, Bureau of Water 
Works & Supply, Box 497, Los Angeles, Calif.......... 
Smita, J. Wautpo. Consulting Engineer Board of Water 
Supply, Municipal Building, New York, N. Y........ 
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ALBIN, W.W. Supt., Water Dept., San Diego, Calif........... 
ALEXANDER, R.C. Mgr., Water Co., Centerville, Iowa...... 


Apr. 30, 1925 
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May 20, 1924 
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May 18, 1892 
June 24, 1923 
July 15, 1898 ° 


May 16, 1900 
Apr. 17, 1889 


June 15, 1916 
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Apr. 23, 1927 
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* Member of Water Purification Division. 
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Gwinn, Dow R. 215 Adams Bldg., Edgewood Grove, Terre 5 
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*Houston, Sir ALEXANDER C. Director of Water Examina- 
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*ALFKE, CuarLes J. Comptroller, Hackensack Water Com- 
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Aurers, Frank H. Supt. Water Co., Cimarron, N. M....... 
ALTOBERRO, JUAN Cartos. Engr., Sub-Director de la Direc- 
cion de Saneamiento, 116 Cuareim St., Montevideo, 


*AtvorpD, JoHN W. Cons. Engr., 1417-18 Hartford Bldg., 
*Ames, CLARENCE F. Supt. Water Works, Norwich, N. Y.... 
*Ames, JEREMIAH L., 212 Sterling Ave., Buffalo, N. Y....... 
yg 3 Tuomas L. Supt. Water and Sewerage, Shreveport, 
*AmsBary, F. C. Mgr. Water Co., Champaign, Ill.......... 


AnpErRSON, A.L. Senior Civil Engineer, Construction Service, 
War Dept., Falls Church, Va.......................... 
J. R. Supt. Water & Light, Rutherfordton, 


*ANDERSON, Rospert M. Prof. Engineering Practice, Stevens 
ANDERSON, WiLu1AM M. Chief Engineer, Bureau of Water 
Supply and Sewers, Honolulu, T. H................... 
*Anprews, GEORGEC. 932 Ellicott Sq. Bldg., Buffalo, N.Y. 
AnpreEws, Lewis P. Manager, Secy. and Treas. Water Co., 
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gees 97 J. G. Supt. Water Works System, Woodstock, 


*ArnmsTRONG, JAMES W. Filtn. Engr. City Water Dept., Lake 
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*ARMSTRONG, KENNETH C. Chemist, Water Dept., Florence 
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Mar. 23, 1925 
Apr. 29, 1924 


Jan. 31, 1927 


Dec. 13, 1926 
Jan. 19, 1924 


Dec. 20, 1923 
June 5, 1928 
July 5, 1927 
Mar. 28, 1910 
Oct. 14, 1919 
May 24, 1928 
Apr. 3, 1899 
Mar. 30, 1918 
Nov. 28, 1922 


May 14, 1918 
June 8, 1909 


Nov. 10, 1925 
Dec. 29, 1924 
Nov. 24, 1924 
Dec. 22, 1916 


Apr. 30, 1928 
Feb. 28, 1917 


Apr. 13, 1909 
June 14, 1913 
Feb. 5, 1917 
Oct. 14, 1922 
June 6, 1927 
Apr. 24, 1916 
May 14, 1918 
Feb. 10, 1921 
Mar. 12, 1910 


Dec. 29, 1924 
Apr. 8, 1916 


: ALLEN, THomas H. 1430 Bank of Commerce Bldg., Memphis, 
Anperson, L. M. Controller, Dept. of Water | 207 
S. Broadway, Los Angeles, Calif..................... 
ANTWEILER, JoHN J. Assistant Engineer, 9013 Empire Ave., 
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1909 
1924 
1928 
1909 
1928 
1928 
1923 
1917 
1927 
1920 


1923 


21 

June 8, 1925 a 

Aug. 8, 1915 a 

Aug. 6, 1928 

June 30, 1926 2 

June 1, 1928 fy 

Oct. 2, 1915 = 

June 6, 1927 ‘ee 

Apr. 6, 1928 

Dec. 29, 1913 

Jan. 7, 1927 is 

Apr. 20, 1915 He 

Aug. 25, 1927 23 

Sept. 27, 1924 i, 

June 10, 1920 2 

BenToNn, L. Supt. Water & Light Dept., Fremont, N. C.. 
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Berry, Frep D. Sec. Bd. Water Comrs., Hartford, Conn.... 
BerryHILL, R. M. City Engineer, Tulare, Calif............. 
*BESSELIEVRE, E.B. Sanitary Engineer, Dorr Company, Inc., 
Best, Oscar V. Asst. Supt., Water Dept., 1020 Martin St., 
*Betres, CHarves R. Long Island Water Corp., Far Rock- 
*Briacs, GeorGcE W., Jr. Chf. Engr. Amer. Water Works and 
Elect. Co., 50 Broad St., New York, N. Y............. 
*Bitiines, Ltoyp C. Supt. Filtn. Plant, 1247 Bemis St., 8. E., 
*Birp, Byron. Municipal & Sanitary Engineer, 1602 Second 
Ave., Notth, Fort Dodge, LOWS... 
Brrp, Cyrus R. The Pitometer Co., 906 Majestic Bldg., 
*BrrDsALL, Lewis I. General Chemical Co., 300 W. Adams 
Biser, D. Benton. Asst. C. E., Water Dept. City Hall, Balti- 
Bisuorp, Guy H., C.E. Carolina Engineering Co., P. O. Box 
BisHoP ad Supt., Ithaca Water Dept., City Hall, Ithaca, 


Buacx, GurponG. 414 N. Union Blvd., St. Louis, Mo....... 
BLACKWELDER, C. D. Post Box 266, Greenville, S. C........ 


Buarn, Ciaup Francis. Public Works Department, Sydney, 
Buarr, Homer O. 1104 Pacific Ave., Pacific Savings Bldg., 
*Buiair, T. J., JR. 168. Main Ave., Weston, W. Va......... 
*BLAISsDELL, Hiram W. Filtration Engineer, Maidstone 
Apartments, 1327 Spruce St., Philadelphia, Pa. ........ 
R. Supt., Water & Light Plant, Dyersburg, 


Buevins, H. Mgr., Kentucky Utilities Co., Mt. 
*BLew, MicHaELJAMES. Research % of Engr. 


St. & Wheatsheaf Lane, Philadelphia, Pa........ Th ceive 
BuiveNn, Cuartes H. Supt. Norfolk City Water Dept., Nor- 
*BiIvEN, Geo. H. 310 Powers Bldg., Rochester, N. Y....... 
BuIvEN, Jesse A. Supt. New York Water Service Corp., 9002 


BuivEen, M. Harvey. 71 Bellevue Drive, Rochester, N. Y... 
*Bioum, Artuur W. P. Asst. San. Engr. State Dept. of 

Health, 2206 Walbrook Ave., Baltimore, Md.......... 
*Biomauist, H. F. Supt. City Water Works, Cedar Rapids, 


Mar. 20, 1918 
July 31, 1928 


Oct. 7, 1919 
July 14, 1928 
June 18, 1901 
June 2, 1916 
May 23, 1923 
July 31, 1924 
Mar. 16, 1922 
June 24, 1913 
Sept. 27, 1923 
Sept. 26, 1921 


Apr. 30, 1928 
Mar. 29, 1916 


June 24, 1913 
Feb. 13, 1915 
May 18, 1926 
Nov. 14, 1922 


Aug. 17, 1925 
Apr. 23, 1924 


Sept. 24, 1925 
Jan. 31, 1927 
June 19, 1919 
Apr. 26, 1918 
June 1, 1923 
Jan. 16, 1924 


Aug. 21, 1922 


May 12, 1914 
Apr. 26, 1909 


Mar. 24, 1926 
Apr. 12, 1921. 


Aug. 9, 1922 


May 13, 1917 


*Bisnop, WESLEY. 275 W. Main St., Moorestown, N. J...... 
ey *Buack, Ernest B. Cons. Engr., Mutual Building, Kansas 
BLANCHARD, R. K., M.E. Neptune Meter Co., 50 East 42nd 
BLEISTEIN, BERNARD J. Asst. Engr., Dept. W. 8., Gas & 
Elec., N. Y. C., 162 Lefferts Ave., Brooklyn, N. Y...... 
*Biessep, Witt1am S. Mech. Engr., 800 Marquette Bldg., 
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Buiossom, Francis. Engineer, 52 William St., New York, 


Bopxin, J. T. St. Joseph Water Co., St. Joseph, Mo........ 
*Bocert, Curnton L. Consulting Engineer, 30 Church St., 


*BoHMANN, Henry P. Supt. Water Works, Milwaukee, Wis. 
Botton, JaAMEs R. Supt. of Water Dept., City Hall, 20 Gerald 
*Booker, WARREN H. 1014 Queens Road, Charlotte, N. C.. 
Boots, Georce W. 85 John St., New York, N. Y........... 
*Bootn, L. M. Prest. Booth Chemical Co., P. O. Box 203, 
Cons. Chem. Engr., 526 Univer- 
BorpvENn, MoroM. 310 Lees Ave., Collingswood, N. J........ 
*Borvurr, C. S. 208 W. Iowa St , Urbana, Ill. .............. 
BorTTen, H.H. Chief Engr., Washington Surv. & Rating Bur., 
*BovarpD, Paut F. Asst. Mgr., Sect. & Treas., California 
Filter Co., Inc., 618 Merchants Exchange, San Fran- 
*Bowg, Tuomas Francis. Cons. Engr., 110 William St., New 
BowEN, Epwarp R. Reaburn & Bowen, Cons. Engineers, 
1104 Central Bldg., Los Angeles, Calif................ 
Superintendent of Filtration, R. F. D., Den- 
*Bowers, Hersert L. Poise & Jones Chemical Co., 80 
*BowmaNn, ABRAHAMM. Supt. Public Utilities, Elmira, Ont. . 
*BowngE, SipNey B. Civil Engineer, Mineola, N. Y......... 
*Boyce, Earnest. Chief Engineer & Director, Division of 
water & Sewage, State Board of Health, Lawrence, 


*BoynTON, PERKINS. 624 Locust Ave., Clarksburg, W.Va. . 
*BrapBurRY, Epwarpd County Sanitary Engr., 

Court House, Columbus, O................... 
*Brap.ey, J. F. Chf. Engr. & Bact., R. F. D.8, Valparaiso, 


BRADSHAW, CAMPBELL, Editor, ‘‘Engineering Times,”’ 933 Bay 

Braaa, Georce H. 445 Sutter St., San Francisco, Cal...... 
BRAKENRIDGE, C. City Engineer, City Hall, Vancouver, 


Feb. 


23 


9, 1906 


. 18, 1909 
19, 1924 


19, 1924 
8, 1913 


. 25, 1924 


21, 1911 
2, 1924 


12, 1914 
8, 1909 


5, 1912 
17, 1925 


. 16, 1924 


. 12, 1926 


9, 1920 
20, 1925 


28, 1926 


13, 1926 


. 21, 1919 


28, 1924 


13, 1926 


. 16, 1922 
12, 1916 


. 26, 1921 


16, 1920 
16, 1919 


. 10, 1921 
. 26, 1928 


14, 1922 
8, 1922 


. 13, 1925 
21, 1927 


16, 1927 
7, 1910 


= = 
*BoarpMAN, W.H. Civil Engr., 426 Walnut St., Philadelphia, oe 
Apr 
oy 
May 
Vor 
June 
June 
June 
= 
July 
Oct. 
Oct 
May 
*Boyr.Le, Bryan J. Wtr. Comnr. 2 Municipal Bldg., Buffalo, 7 
Epwarp C. General Delivery, McAllen, Texas...... Apr 
MarvinM. Engr., Water & Sewer Dept., City Hall, 
June 
Ma 
*Branpis, Frep E. Supt., Municipal Water Works, Blaine 4 
C. Mgr., Water, Gas & Electric Depts., Dan- 
Breen, Perer J. Supt. Water Works Dept., Calgary, Alberta, i 
*BREITZKE, CHARLESF. 412 William St., Boonton, N. J..... June i 
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*BRENSLEY, ALBERTA. c/oSuhr, Berryman, Peterson & Suhr, 


*Bretz, C. E. Supt. City Water Works, City Hall, Oklahoma 
BrIcKENDEN, F. M. Asst. Engr., Dept. of Health— Water 
Purif., 301 Huron St., London, Ont.................... 
*Bricker, R. P. Pres., Shelby Water Co., Shelby, Ohio..... 
Brincers, J. H. Pres. Henderson Water Co., 123 N. Garnett 
*Britain, WM. Perry. Supt., City Water & Light Plant, West 
Brooks, Joun N. 339 Bellevue Ave, Trenton, N. J......... 


Brooks, Tuomas. Supt. Domestic Distribution, Water De- 
partment, 2045 N. Catalina St., Los Angeles, Calif... . 
*BrossMAN, CHARLES. Cons. Engr., 1010 Chamber of Com- 


Brower, I.C. City Manager, Lima, Ohio................... 
Brown, C. Artuur. Sanitary Engineer, West Erie Ave., 
Brown, C. D. Mgr. The Walkerville Water Co., Walker- 
Brown, CatvinS. The Belvedere. Toledo, Ohio............. 
*Brown, Pror. CHarLtes CARROLL, University Engr. Dept., 
Brown, Epwarp. Supt. Water Works, Eau Claire, Wis...... 
*Brown, Horace A., C.E. Cons. Engr. and Supt. Water 
Brown, JAMES. Supt., Water Works, 425 East Olive St., 
*Brown, Kennetu W. Sanitary Engineer, California Water 
Brown, Rassetas W. Supt. and Secty., Corry Water Supply 
Brown, W. C. Supt., San Diegnito Irrigation Dist., En- 


*BrownE, Fitoyp G. Supt. & Chemist, Sewage Treatment 
Works, 513 Delaware Ave., Marion, Ohio.............. 
Bruce, Joun A. Consulting Engineer, Bankers Reserve 
Brumsy, J. R., Jk. Commissioner of Public Works, Sarasota, 


*BrusH, Freperick Cuiinton. Mgr. Bound Brook Water 
Co., 519 Watchung Road, Bound Brook, N. J.......... 
*Brusu, Wm. W. Chief Engineer, Dept. Water Supply, Gas 
Municipal Bldg., Rm. 2456, New York, 


Mar, 13, 1928 
Aug. 1, 1923 


June 29, 1928 
Nov. 19, 1915 


June 5, 1923 


Nov. 12, 1926 
Feb. 24, 1912 


Sept. 10, 1925 


Apr. 7, 1916 
Apr. 18, 1915 


June 27, 1905 


Oct. 16, 1916 
Mar. 15, 1882 


May 12, 1906 
Jan. 24, 1921 


May 7, 1919 
Sept. 12, 1922 
July 11, 1927 
Apr. 3, 1916 
June 11, 1928 
June 5, 1926 
Oct. 21, 1920 
Apr. 11, 1928 
Jan. 7, 1924 


Feb. 18, 1911 
June 17, 1926 
Apr. 29, 1926 
June 25, 1924 
May 26, 1927 
Jan. 28, 1926 
May 7, 1916 


Fla 
] 
BucHaNaAN, ALBERT Engr., Gartshore-Thomson : 
Pipe & Fdy. Co. Ltd., Hamilton, Ont., Canada........ ; 
BucHaNnan, Epwarp Victor. Gen. Mer., Public Utilities 
BucHanan, Huau. Compania Consolidada de Aguas, Corri- ( 
entes del Rosario, Ltda., Rosario de Santa Fe, A. R...... 
BucHANAN, Joun H. Prof. Sanitary Chemistry, Iowa State ‘ 
“Buck, Georce H. Asst. Engr., with Nicholas 8. Hill, Jr., ( 
260 W. Jersey St., Elizabeth, N.J..................... 
Buck, Wrturam H. Engr. and Supt. Construction, Riverton C 
& Palmyra Water Co., Riverton, N. J................+: 
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Buckets, J.C. Supt., Water Works, Kissimmee, Fla........ 
*BuELL, Wm. C. Gen. Mgr., Millville Water Co., High St., 
*BuGBeE, ALVIN. Supt. Trenton Water Dept., City Hall, 
*BuGcBer, Jutius W. City Chemist, 290 Massachusetts Ave., 
Joun C. C.E., 74 Fairview Ave., Yonkers, 
Cuartes H. Asst. Engr., Dept. W. 8S. G. & E., 702 
*Buti, Irving C. Analytical and Consulting Chemist, 50 
*Butuarp, J. L. Supt., Water, Light & Power Plant, 
Drawer 508, Lexington, N. cee 
*BuLLock, De Witt H. Supt. of Water System, 80 Walnut 
*BunkerR, GeorGe Cyrus. P. O. Box 5035, Ancon, C. Z..... 
Buntina, P. G. R.D. Wood & Co., Box 11, Petersburg, Va. 
Buntine, 8. A., M. A., B. Se., Duncan, Stratton & Co., 5 
*BurcHarpD, Epwin Day. Dist. Engr., U.S. Geol. Survey, 
316 Jackson Bldg., Asheville, N. C.................... 
*Burpick, Cuartes B. Hydraulic and Sanitary Engr., 1417 
*Burcess, Puitip. Cons. Engr.,568 East Broad St., Columbus, 


Burnett, Muscor. Prest. Water Co., Paducah, Ky........ 
Burnuam, Harry A. Engr. & Sp. Insptr. F. M. F: Ins. Co., 
68 Brookside Ave., Newtonville, Mass.................. 


*BusHNELL, Lyman S. Chief Chemist, Freeport Sulphur Co., 
BusTE.o, Francisco. Engr., Water Works of Murcia & Car- 
tagena, Gran Hotel, Cartagena, Spain................. 
Reta’: iy A. M. Chief, State Water Survey Divn., Urbana, 
Butter, F.W.W. Water Engineer’s Dept., Durban, Natal, 
Butz, GeorGe W.. Sr. 2301 Boulevard, Wilmington, Del.... 
Buzsy,J.S. Box 310, Burlington, N. 


*CapMAN, Ropert M. 244 Cambridge Ave., Red Bank, N. J. 
*CAIRD, James M. Chemist & Bacteriologist, Cannon Bldg., 
CaLpwELL, JAMES H., C.E. 55 First St., Troy, N. Y......... 
CatHoun, J. W. Meter Foreman, New Chester Water Co., 
*CaLvERT, Ceci K. Chemist, Indpls. Sewage Comn., 1902 
N. New Jersey Ave., Indianapolis, Ind................. 
CAMERON, ARCHIBALD Preston. c/o Worthington-Simpson, 
Ltd., Queens House, Kingsway, London, W. C. 2, Eng. 
CamMPBELL, C. B. Supt., Bureau of Water, Altoona, Pa...... 


25 


Apr. 16, 1928 
June 17, 1926 
Dec. 9, 1925 
Feb. 20, 1924 
Mar. 25, 1924 
Mar. 30, 1920 


June 8, 1906 
Aug. 26, 1925 
Jan. 1, 1928 


Feb. 23, 1911 
Feb. 7, 1916 


Dec. 20, 1927 
Jan. 5, 1925 
July 18, 1907 


Apr. 27, 1911 
June 22, 1923 


June 16, 1920 
Mar. 22, 1916 
May 20, 1920 
July 31, 1924 
Mar. 10, 1928 
May 31, 1928 
Mar. 20, 1916 
Sept. 30, 1919 
May 28, 1924 


May 16, 1900 
July 10, 1906 


May 14, 1921 
Nov. 22, 1920 


June 4, 1912 
May 10, 1915 


Burnie, Artuur N. Vice President & Treasurer, Beaver 7! 
Valley Water Co., 1006—7th Ave., Beaver Falls, Pa.... ae 
Burt, Joun. Gnl. Mgr. Marin Mepl. Wtr. Works, 425 5th 
*Burt, L. B. National Lime Association, 927-15th St., N. W.., ie 
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ACTIVE MEMBERS 


*CaMPBELL, ELMER W. State Dept. of Health, Augusta, Maine. 
CampBELL, George A. P. O. Box 2002, Reno, Nev.......... 
*CamPION, Harry T. 142 Orchard Ave., Barberton, Ohio... 
*CaNNEN, JAMES V. Civil Engr., 1200 Hamilton Blvd., 

*CaNnNON, J.W. Supt., Water Works, Fort Lauderdale, Fla... 
Capron, Joun D, Statistical Engineer, U. S. Cast Iron Pipe 

*“CaRLIN, Putt. Supt. Water Works, Sioux City, Iowa....... 
CARPENTER, GEORGE D. Water Commissioner, City Hall, 


Vice Prest. and Mgr. Butte Water Co., 


Carson, H. Y. Research Engineer, American Cast Iron Pipe 
Casap, CHartesC. City Engineer & Supt. Water Dept., City 
Casap, Ora. Superintendent Water Works, Box 624, 
CascaDDEN, ALBERT. Supt. Power Plant, 1818} Stone St., 
*Casre, Ecpert D. Vice-Pres., Pitometer Co., 50 Church St., 


*CasE, H.R. Mer. Corona City Water Co., 707 Main Street, 
CasGraIn, Cuartes P. Mgr., Water Works, City Hall, 


Casumorge, H. D., Jr. Asst. Sanitary Engineer, U. 8S. Public 
Health Service, 420 Call Bldg., San Francisco, Calif... 
Castro, Ramon. Gen. Mgr., Bucaramanga Waterworks Co., 


Bucaramanga, Colombia, 8. 
Cates, R.H. Pwr. Engr., So. Cal. Edison Co., P. O. Box 135, 


Commercial Bldg., Tulsa, Okla.................... 


CHAMBERLIN, R. B. Chief Chemist By-Products Coke Corp., 
11233 Torrence Ave., South Chicago, hain» 


Dec. 8, 1923 
9, 1913 
ov. 30, 1920 


Mar. 27, 1925 
Mar. 22, 1928 


Jan. 30, 1924 
Apr. 14, 1891 


Apr. 30, 1928 


June 28, 1926 
May 3, 1916 


Sept. 21, 1920 
June 7, 1904 
July 6, 1926 
Jan. 25, 1926 
Nov. 6, 1924 
May 11, 1927 
Mar. 4, 1921 
May 28, 1926 
May 20, 1920 
June 29, 1928 
June 30, 1928 


June 16, 1920 
June 6, 1927 


Mar. 28, 1928 
May 17, 1928 


Jan. 31, 1928 
Jan. 25, 1927 
Jan. 2, 1924 


Dec. 23, 1927 
Aug. 14, 1928 
June 8, 1921 
June 8, 1921 
Feb. 13, 1915 


S *CaRPENTER, Lewis V. Asst. Prof. Sanitary Engineering, 
West Virginia University, Box 562, W. ¥a. 
*Carr, J. A. Supt., Water Dept., Ridgewood, N.J.......... 
ae *Carrick, O. W. Wtr. Engr., Wabash Ry., 1636 E. William 
E., C. E. Supt., Water Works Dept., Wallace- 
CAuTHoRN, CuowninG. City Mgr., Palatka, Fla............ 
i *CreciL, Lawrence K. Sales Engr., International Filter Co. 
7 CENTER, JoHN L. Superintendent Water Works, 64 Hypolita 
*CHAMBERLAIN, L. H. 706 Wright & Callender Bldg., Los 
CHAMBERLAIN, WILLIAM J. Chief Chemist, Metropolitan 
Water Supply & Sewerage Board, Albert St., Brisbane, 
View Avo., Buffalo, N. 
CHAMBERS, JoHN. Chief Engr. and Supt., Louisville Water 
*CuamoT, E. M. Prof. Sanitary Chemistry, Cornell Univer- 
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C. E. 710 Securities Bank Bldg., Toledo, 


CuampPion, Roy B. Supt. Public Works, 36 West 12th St., 
*CuapMAN, F. W. Supt. Water Works, Camden, 8.C....... 
*CHAPMAN, WILLIAMJ. Supt., Hudson Water Service Corp., 10 
*CuHarTer, A. Supt., Municipal Light & Water Plant, Coving- 
CHARLES P.,C.E. 123Sixth Ave., Clinton, Ia.......... 
*CuasE, EDWARD SHERMAN. c/o Metcalf and Eddy, 1300 Stat- 
Cuase, Horace H. 610 West 146th St., New York, N. Y..... 
Pram, aoe H. Hydraulic Engineer, Box 602, Riverside, 


27 William St., New York, N. Y.............ce0eceeee, 
Cuerry, B. F. Megr., Weatherford Water, Light & Ice Co., 


*CuInn, Keita R. P.O. Box 3113, West Palm Beach, Fla. . 
*CuIPMAN, C.E. Mail Bldg., Toronto, Ont., Can..... 
CuisHaM, J.M. Supt. Water Co., Atchison, Kans........... 
CuisHoim, R.B.F. California Water Service Co., 414 Hunter- 

Dulin Bldg., San Francisco, Calif...................... 
Cuivvis, LELAND. 1437 McCausland Ave., St. Louis, Mo.... 
CHRISTENSEN, C. H. Mgr. Lt. & Water Co., Missoula, Mont. 
*CHRISTMAN, C. H. Chemist, Bryson Hotel, Chicago, IIl.... 
Curisty, J. F. Gen. Mgr., City Water & Light Plant, 411 

CLAFLIN, CHARLES R. Supt. Water Co., Rennselaer, N. Y... 
CLAIBORNE, Hersert A. Contracting Engineer, 204 West 

Franklin St., Richmond, 
*CiarK, A. E. Assoc. San. Engr., Department of Public 

Health, Tennessee Memorial Bldg., Nashville, Tenn... 
Cuiark, ArTHUR T. 11 E. Union St., Bay Shore, N. Y...... 
*CLaRK, CHARLES M. Bank of Manhattan Co., Bridge Plaza, 

Room 402, Long Island City, N. Y.................... 
Cuark, E. W. American Water Works & Elec. Co., 114 Car- 

man Ave., Operating Dept., Lynbrook, L. I............ 
*CuarK, Frepk. W. G. Water Works Engr., British Munic- 

ipal Council, Tientsin, 
Crark, H. W. Prest. H. W. Clark Co., Mattoon, IIl....... 
*Ciark, Harry W. Chf. Chmst., State Dpt. Hlth. Rm. 541, 

State House, Boston, 
G. Cons. Engr., 1047 Spitzer Bldg., Toledo, 


CLEVELAND, E. A. Chf. Comnr., Greater Vancouver Water 
Dist., 1303 Bekins Bldg., Vancouver, B. C., Canada... 


Mar. 


Mar. 
Dec. 


Mar. 


Sept. 


Aug. 


May 
May 


Nov. 


Nov. 
June 


Feb. 


June 


27 


10, 1913 


11, 1914 
5, 1925 


22, 1927 


18, 1926 
31, 1916 


3, 1919 
28, 1924 


10, 1928 
3, 1919 
17, 1926 
28, 1925 


. 7, 1910 
. 23, 1927 
. 18, 1888 


11, 1902 


11, 1927 
4, 1919 
4, 1919 

11, 1927 


. 12, 1925 
. 30, 1919 


7, 1917 


10, 1919 
16, 1919 


4, 1924 
8, 1924 


22, 1923 
29, 1895 


26, 1920 


8, 1908 
31, 1916 


5, 1921 
27, 1925 


. 28, 1925 
. 12, 1924 


Cuase, Ricnarp D., C.E. 607 Purchase St., New Bedford, 
*CuesTerR, J. N., H.andM.E. Clark Bldg., Suite 813, Pitts- 
Feb 
Apr 
: 
July 
Oct. 
Oct. 
Sep 
May 
Moy 
May : 
Mar. 
May ; 
May 
May 
*CiarRK, Witut1AM H. Supt. Water Works, Avon, N. Y...... May 
*CLARKE, LeEonaRD. Distr. Mgr., Oregon-Wash. Water Se 
Service Co., 109 E. 10th St., Vancouver, Wash......... Mar. 
*CLayTon, Netson J. Supt., Pottsville Water Co., 221 
CLEMENS, ALBERT. 303 Speed Building, Louisville, Ky. ..... | 


28 ACTIVE MEMBERS 


*CLEVELAND, H. Burpert. Transportation Bldg., 225 Broad- 
*CLEVERDON, WALTER ea Supervisor = Property & Assoc. 
Prof. of Sanitary Engineering, N N. Y. Univ., Wash. 
CHARLES ELMER. Chemist, Cannon ., Troy, 


Cendine James W. Treasr. Rensselaer Water Co., P. O. Box 
rene Horace J. Pres., Maysville Water Co., Maysville, 
Codex: J.D. Supt. Water Works, Statesville, N.C........ 
CoFFEY, G. J. Pres. ., G. J. Coffey Co., Natrona, Pa......... 
*Corrin, T. DeL. Asst. Engr., Bureau Water Supply City of 
Cote, Epwarp 8. Prest., The Pitometer Co., 50 Church St., 
Joun A. 1346 E. 53rd St., Chicago, Ill............... 
CoLEMAN, Jos. L. Secy. & Supt., Citizens Water Company, 
P. 0. Box 537, Deer Lodge, Mont.. 
Cotes, JOHN. Supt., Water Works, West York Township, 64 
Earlsdale Yard, Toronto, 10, Canada...,.............. 
*CoLuieER, F.E. Supt., Municipal Water Works, 253 Broad St., 


Co.uins, A. Water Comnr., 981 Jepson St., Niagara Falls, 
*Cotiins, W.D. Chemist, U.S. Geological Survey, Washing- 
"Conan, |W. R. Savings Institution Bldg., Burlington, 
Connor, F. J. 221 No. Spring Ave., Sioux Falls, 8. Dak..... 
Conatn, Gzorcr A. Des Moines Water Works, Des Moines, 
Coox, Joun H. Hyd. Passaic Consol. Water Co., 158 Ellison 
Cook, Ropnrey E. 4237 155th St., Flushing, L. I., N. Y..... 


Cook, J.R. Supt. Water Works, Franklinton, 
*Cooxinanay, L.P. Village Manager, Village Hall, Clawson, 


*CorBETT, CHarves F. Filtration Engineer, City Power 
Plant Dept., Edmonton, Alberta, Canada.............. 
CoRcoRAN, Harry J. Chf. Engr. Iowa Ins. Serv. Bur., 431 


Ins. Exchg. Bldg., Des Moines, Iowa.................. 
*Corgey, Ray Howarp. Gal. Mgr., Coos Bay Water Co., 
*Cortn, Maonus F. Chemist, 511 Hansberry St., German- 
*Cor1InE, GeorGE A. Supt., Water & Gas Dept., Superior 
Water, Light & Power Co., Superior, Wis.............. 


CorNELL, Cuas. Brown. Mahoning Valley Sanit. Dist., 901 
City Bank Bldg., Youngstown, 
*Cortese, J. R. Supt., Water Works, 411 So. Second St., 


Aug. 


Apr. 


Mar. 


June 


Apr. 


1, 1923 


3, 1916 
12, 1910 
15, 1927 
28, 1926 


. 19, 1923 


28, 1924 
8, 1923 


> 17, 1926 
. 14, 1922 


12, 1902 
26, 1927 


13, 1925 
. 16, 1927 
. 13, 1926 


8, 1921 


. 18, 1925 


7, 1904 
16, 1900 


. 18, 1925 


10, 1906 
6, 1926 


t. 10, 1925 


18, 1927 
8, 1928 


. 26, 1928 


2, 1924 
19, 1920 
20, 1910 


. 81, 1924 


31, 1928 


. 13, 1925 


Cosurn, B. F. Superintendent Water Works, Robersonville, 

Aug. 

May 

Dec 

Jun 

Apr 

June 

May 

Ma 

Ma 

Apr 

Juc 

Dec 

Mey 

May 

Au 

July 

Jan 

Sep 

Feb. 
*CoonEy, Epwarp J. Megr., Port Chester Water Works, Port 

Feb. 
Jan 
Jan. 
June 
Oct 
Ma 
Mar | 
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CoscuLLUELA, JUAN AnToNIO. Cons. Engr., San Lazaro 232 
*CouGHLAN, Ropert E. Sprvsr. Wts. C. & N. W. Ry. 
Co., 4059 W. Monroe St., Chicago, Ill................ 
CO WatpoS. Cons. Engr., 114 Liberty St., New York, 


*Cow.Les, M. Warren. Hackensack Water Co., Filtration 
Cow ss, Ropert F. Engineer in Charge, Bureau of Water 
Development, 209 Pacific Bldg., San Diego, Cal....... 
*Cox, Cuartes R. Asst. Engineer, State Department of 
Cox, Grorce W. Supt. of City Utilities, Harlan, lowa..... 
Cox, Homer F. Chief Engr. Scranton Gas and W. Co., 430 
*Craia, Epwarp M., Jr. Apt. 51, 144 2ist St., Jackson 
Craia, J. O. Supt. Water Works, Salisbury, N. C.......... 
*CraiG, James J. City Engr. & Water Works Supt., City 
*CraiGc, Ropert Havi. Cons. Engr., 222 No. 3rd St., Har- 


CRAMER, yen R. Chf. Engr. Lexington Water Co., Lexing- 
*CRAMER, W.S. Vice Pres. & Manager, Lexington Water Co., 
*CRANCH, EUGENE T. 156 Weyman Ave., New Rochelle, N.Y. 
*CRANE, ARTHUR M. 333 W. 25th Place, Chicago, Ill........ 
Crawrorp, Homer C. Prest. Centerville Water Co., Coopers- 
Crawrorp, U. L. Engr. & Mgr., Tyrone Gas & Water Co., 
Cricuton, ANDREW B. Secty. and Trs., Portage Water Co., 


Crockett, Harvey 8. City Superintendent, 118 Schiller St., 
*Croroot, E. H. eo City Water Works, Mason City, Iowa. 
*CROFT, H. P. Ch. ng. State Dept. of Health, 208 Maple 
Cro.ii, Emit A. 1200 Gran Blvd., Iron Mountain, Mich..... 
*Crow, J. W. Supt. of Water & Light, Municipal Bidg., Ponca 
*CROWLEY, CorNELIUS M. Water Registrar, St. Paul, Minn. . 
Crozier, Ray. Engr. and Supt., Peoria Water Works, 
*Cruaer, C. B. 2248 Nowland Ave., Indianapolis, Ind...... 
Crum, Emory Cray. City Engineer, P. O. Box No. 354, 
*CuppeBack, ALLAN W. V.P. and Treas. Passaic Consol. 
Water Co., 158 Ellison St., Paterson, N. J............. 
C. 114 Goodrich St., Astoria, L. L., 


*Cunpirr, Stuart A. Supt. City Water Dept., Newport 
Cunul W. Health Dept., City Hall, Milwaukee, 
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Oct. 16, 1913 
Feb. 28, 1923 


Apr. 7, 1919 
Oct. 25, 1926 


July 30, 1921 
Oct. 31, 1923 


May 12, 1914 


Oct. 11, 1923 
May 24, 1922 


Apr. 6, 1928 
May 26, 1919 
May 23, 1923 
Mar. 19, 1022 
May 26, 1918 
June 6, 1919 
Mar. 27, 1925 
May 29, 1915 


Jan. 26, 1924 
Oct. 5, 1923 


Jan. 7, 1924 
Sept. 7, 1893 


Feb. 23, 1924 
Oct. 18, 1918 


Feb. 5, 1915 
Nov. 15, 1924 


Feb. 13, 1924 


June 7, 1904 
June 26, 1910 
June 11, 1928 
May 24, 1927 
Dec. 13, 1926 


Nov. 17, 1916 
Cowan, P. H. Supt., Public Utilities, Galt, Ont., Canmada.. June 9, 1919 , 
= 
= 
| : 
CuMMINGS, CHARLES R. Water Supt., 11336 Court St., Lyn- ; 
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CunNINGHAM, F.G. c/o Fuller & McClintock, 170 Broadway, 
Curb, P. B. Commissioner of Public Utilities, City Water 
Department, Wichita Falls, Texas..................... 
CurRAN, JAMES E. Supt., Water Bureau, 79 Linden St., 
Curnriz,C.H. Cons. Engr., Webster City, Ia................ 
Curtis, Francis J. Merrimac Chemical Co., 148 State St., 
*Curtis, J. Eugene. Filtn. Plant, Washington he 
Courier, Leon G. 229 Satterthwaite Ave., 
Currs, Francis T. 306 Merchants-Laclede ‘Bldg. an Louis, 


*Dautiyn, F. A., C.E. 71 King St., W., Toronto, Ont., Can. 
*Damerow, Harry W. Supt., Light & Water Department, 
DaniEt, Frank R. Chief Engr., es Inspec. Bureau, 
490 Broadway, Milwa’ ikee, W 
*DaNIELs, Francis E. Eng. Div. State Dept. of Health, 
*DappeRT, JAMES W., C.E. Lock Box 141, Taylorville, Ill... 
*DarsBy, W. ALLEN. San. Engr., The Dorr Company, 247 
*DaruinGe, Ernest Howarp, M.E. Consulting Engineer, 21 
Stanley Ave., Hamilton, Ont:,' Catiada! 
*Darrow, WaRREN E. 314 Masonic Temple, Columbus, Ga 
Davipson, GrorGe M. Ind. Engr., C. & N. W. Ry. Co., 211 
N. East Ave., Oak 20822, 
Davies, Huan. Master Mechanic, Water Com- 
pany, 624 Park Ave., W eehawken, N 
Davis, A. A. Local Mgr., ’ California Water Service Co., 606 
*Davis, Arraur P. 505 Santa Ray Ave., Oakland, Calif..... 
Davis, C.A. Superintendent Water Works, Box 748, Home- 
Davis, CaRLETON E. Manager, Phila. Suburban Water Co., 
762 Lancaster Ave. 
*Davis, FRANK J. Supt., ” Ansonia Water Co., 354 Main Street, 
*Davis, H. F. Representing Wallace & Tiernan Co., ¢/o Char- 
lotte Water Wks., Chartotte, 220280 
Davis, P.D. Asst. Engr., c/o Wm. M. Piatt, Durham, N.C. 
Davis, W. L. Supt., Water Dept., P. O. Box 266, Ports- 


Daw, Lawrence. Chf. Engr., Underwriters Assn. of N. Y., 
700 Gurney Building, Syracuse, N. Y.................. 


*Day, Leonarp A. Water Commissioner, 312 City Hall, St. 


DEAN, Joun M. Water Commissioner, First Natl. Bank Bldg., 
Dean, Sitas 8S. Mechanical Engineer, Aurora, Ill........... 
*DEBERARD, W. W. Engineering News-Record, 7 So. Dear- 
*De Brito, F. Sarurnino R. Consulting Engineer, Caixa 
Postal 1631, Rio de Janeiro, Brazil.................... 
*DeckER, A. CLINTON. Sanitary Engr., Tenn. Coal, Iron & 
Railroad Co., Birmingham, 
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31, 1927 
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*DeckeR, ArtTHUR J. Consulting Civil Engr., 2014 Geddes 
DeCosta, JosepH D. 41 Lenox Road, Berkeley, Calif........ 
De Horatits, Manrrepr. R. Instituto Forestale, Firenze, 
De Josrz, Jutes. Civil Engineer, 655 Powell St., San Fran- 
DELANEY, J. T. Supt. City Water Works, Los Banos, Calif.. 
*DeLAporTE, A. V. Chemist in Charge, Experimental Sta., 
Clifford St., Dept. of Health of Ontario, Toronto, 
De La VeGa, Ramrro, Mgr. Municipal Water Works, Apartado 
No. 58, Cartagena, Colombia, S. A..................... 
*DeLeuw. CHARLEs 1. Kelker, DeLeuw & Co., Engrs., 111 W. 
*DeMartTINI, FRANK 'Epw ARD, Engineer, 637 Green- 


— P. ‘Paut. Mgr., Consumers Water Co., Stuart, 
*DenmaN, CHArLEs Sina. Genl. Mgr. Des Moines WaterCo., 
*DENNETT, Rospert C. Hyd. Engr., c/o Natl. Board Fire 
Underwriters, 85 John St., New York, N. Y............ 


*DerBy, R. L. 937 So. Curson Ave., Los Angeles, Calif..... 
*DevenporF, Earv. Asst. San. Engr. St. Dept. of Hith., 1239 


Albany St., Schenectady, N. 
Devitpiss, H. Rotanp. Dept. Engr., Washington Suburban 
Sanitarv Dist., Hvattsville, Md....................... 
Dewey, Cuester R. Vice Pres., Consolidated Water Co. of 
Utica, First National Bank Building, Utica, N. Y..... 
Di sNIcO, ANiHONY F. 727 Aisquith St., Baltimore, 


Diiihens, 3 M. 6 Rue de Seine, Paris VI, France............. 
*Dierricu, Freo. W. Dist. Mgr., Oregon-Wash. Water Ser- 
DiaGs, FRANKLIN, JR. San. Engr., Linthicum Heights, Md... 
*Diacs, Joun C. San. Engr., Department of Conservation, 
126 State Capitol, Indianapolis, Ind................... 
*Dranan, B. T. Chem. and Bact., City Water Works, Niagara 
*Ditt, H. A. Supt., Water Works, Richmond, Ind............ 
DILLER, J. W! Superintendent, Water W orks, Wilber, Nebr.. 
*Ditton, 8. E. Local Mer., California Water Service Co., 


Disu, Epwarp. Gamon Meter Co., 922 Milton Ave., South 


*DisHNeER, P. J., Supt. Water Works, High Point, N. C.. 
*Dirror, W. H. Chief Engineer, Mahoning Valley Sanitary 
DIvEN, JOHN M., Jr. The Leadite Company, Inc., 118—19th 
*DIxon, FrepericJoun. Chf. Engr. Staffordshire Wtr. Wks., 
264 Paradise St., Birmingham, England................ 
*Dixon, G. GALe. Office Engineer, The Mahoning Valley Sani- 
tary District, 991 City Bank Bldg., Youngstown, Ohio.. 
Drxon, Jas. T. Superintendent Water Dept., 401 Benton St., 
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*Dopspin, R. L. Supt. Water Works, 223 Aylmer St., Peter- 
*Dopp, Rennie I. Federal Water Service Corp., 27 William 
Doper, Frep L. Asst. Mgr., Belvedere Water Corp., 4163 
Whittier Blvd., Los Angeles, Calif..................... 
*DopGr, Watter, M. D. Bact., Dept. of Health of Orange, 
36 Cleveland St., Orange, N. J..........ccceseeesveeee 
*DomoGa..a, Dr. BERNHARD. Chemist, University Club, 803 
*DoNALDSON, WELLINGTON. c/o Messrs. Fuller & McClintock, 
Dongs, J. W. Asst. Supt. & Engineer, City Water Depart- 
*DonNELLY, R.V. Pres., The Paradon Mfg. Co., 573 Elm St., 


DonouveE, JERRY. Prest., Donohue Engineering Co., She- 
Epmonp. Cons. Engr., Securities Bldg., Seattle, 


DorranceE, Frank Youna. Divn. Engr., Montreal Water 
Bd., 341 Brock Ave., North, Montreal West, P. Q., Can., 
*DorsgEy, Stanton L. Sanitary Engineer, Room 790, Arling- 
Dorsry, Victor A. Consulting Engineer, 1560 First Natl. 
Doren, Capt. Leonarp 8S. In Charge of Construction Work, 


*Douciass, Rosert M., C. E. 912 Columbia Bank Bldg., 
Dow, AtEex. 2000 Second Ave., Detroit, Mich. .............. 
*Dowp, JoHN E. 162 85th St., Brooklyn, N. Y.............. 
*Dowtina, F. F. Chief Engineer, British Columbia Fire 
Undwtrs., 1021 Rogers Bldg., Vancouver, B.C., Canada. 
*Downer, T.B. Chf. Engr. & Supt., Alhambra Water Dept., 
210 South Fifth Street, Alhambra, Calif............... 
*Downes, JoHN R. Green Brook Park, Bound Brook, N. J.. 
*DRAKE, CuesterF. Div. Supt., Pittsburgh Filtration Plant, 
Drake, Epwarp, C. E. New Bedford, Mass................. 
*Drake, Witu1aM O. City Engr., Supt. Public Works, City 
DraNE, Brent 8S. Consulting Engineer, 19 W. 4th St., 
Draper, Oscar C. Water Commissioner, N. W. Cor. 7th & 
Jackson Sts., Wilmington, 
*Druar, Jonn F. Cons. Engr., 500-504 Globe Bldg., St. Paul, 


Dvuacer, Evcene F. Gen. Mgr., Newport News Waterworks 
Comn., Newport News, 
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28, 1923 
10, 1922 
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28, 1924 
22, 1928 
19, 1914 
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12, 1925 
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4, 1919 
4, 1922 
31, 1924 


9, 1925 
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28, 1924 


. 27, 1926 
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13, 1924 
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17, 1924 


Wright Field, Dayton, | 

: Dovucuerty, Ben R. Supt., Richmond Water & Light Co., 

f Dovauerty, D. J. Mgr. & Supt., P. O. Box 418, Talladega, 

May 

‘ Aug. 

Mar. 

May 

ily 

| July 

: Ap 

| 

Apr 

June 

Jan 

*DrYDEN, Francis H. City Engineer, Salisbury, Md....... May [x 
DvangE, Louts V. + ween of Water Works, City Utili- 

Durry, James M. Village Engineer, Mamaroneck, N. Y..... June S| 
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DuMouun, W. L. Gnl. Supt., New Cornelia Copper Co., 
*DunuaMm, H. F., C.E. 32 West 40th St., New York, N. Y.... 
*DunuHaM, Henry G. 920 Henry Street, Detroit, Mich...... 
*Dunn, Wm. Carey. Supt. Mt. Hope Filter Plant, Box 541, 
*Dunwoopy, J.S. Supt., Water Department, Erie, Pa....... 
*Dursin, W. H.,C.E. Asst. Mgr. T. H. Water Works Co., 
634 Cherry St., Terre Haute, Ind.................... 
DuRLAND, SmitaH N. Cashier, Long Island Water Corp., 15 
John St., Far Rockaway, N. Y 
Dwyer, CorNnELIus. 18ChuctanundaSt., Amsterdam, N. Y.. 
Dwyer, Joun D. Chairman, Water & Sewer Board, 110 So. 
Border Road, Medford, 
Dyurxopp, F. G. Mgr., Dyhrkopp Co., 2223 
South Illinois Ave., Carbondale, Ill.................... 


EaGan, OWEN J. Water Commissioner, Somerset, Mass..... . 
*EarL, Hyd. Engr., Sewerage and Water Board, 
Water Purification Dept., New Orleans, La............ 
*Easpy, Jr. Civil & Sanitary Engr., 1201 Chestnut 
Easterpay, E.E. Assistant Division Engineer, Supply & 
Purifying Sec., Water Div., 4539 Arco Ave., St. Louis, 


*EKastwoop, CuarLesH. San. Engr., Bureau of Engineering, 
Fla. State Board of Health, Jacksonville, Fla.......... 
*EasTWwooD, JOHN THompsON. Prin. Asst. Engr., Sewer & 
Water Bd., City Hall Annex, New Orleans, La......... 
EBELER, CHARLES J. Supt. of Distribution, Water Dept., 4600 
McRee Ave., St. Louis, Mo............. 
*Eppy, Harrison P. Metcalf & Eddy, 1300 Statler Bldg., 
Eppy, Justus B. Engineer, Water Pipe Extension, 404 City 
Hall, Chicago, Ill 
Epwarps, Witu1am R. Supt. Passaic Consol. Water Co., 
158 Ellison St., Paterson, N. J 
*Ecarrt, E.G. Prin. Asst. State Sanitary Engr., Texas State 
Dept. of Health, Austin, Tex. 
Earnton, JAMEs T. Supt. Cortland Water Dept., 23 Court 
Exuze, Cuester G. Chf. Dftsmn. & Distbn. Engr. Wtr. 
Bureau, 211 City Hall, Portland, Ore... 
*Exnters, V. M. Chief Sanitary Engr., Texas 
Exuruart, C. L. City Manager, Clarinda, Iowa............. 
*ELper, ALBERT L. Chemist, State Water Survey, 128 Morgan 
muonnan, H. D. Treas., Princeton Water Co., Princeton, 


William St., New York, N. Y 
Exuiott, G. A. Chf. Engr., Spring Valley Water Co., 425 
Mason St., San Francisco, Cali 
Gtorce R. Canandaigua, N 
*Evuis, HerBeRTC. 8100 W. Warren Ave., Detroit, Mich... .. 
*Evus, Luxe. Serv. Engr., Pub. Serv. Comm. of Md., 1722 
Munsey Bldg., Baltimore; 
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June 18, 1910 
Apr. 16, 1884 
June 16, 1925 


Nov. 12, 1919 
June 5, 1913 


May 23, 1923 


Jan. 29, 1914 
Apr. 11, 1914 


May 24, 1922 
Nov. 18, 1925 


June 6, 1927 
June 6, 1916 
Mar. 12, 1924 


May 29, 1926 
May 28, 1926 
May 24, 1909 
May 17, 1927 
May 20, 1925 
June 21, 1926 
Apr. 2, 1914 
Oct. 18, 1927 
Apr. 10, 1926 
Mar. 21, 1923 


Oct. 18, 1927 
Apr. 30, 1919 


Sept. 18, 1928 
Apr. 14, 1916 
July 31, 1928 
May 15, 1918 
July 18, 1907 
July 27, 1926 


Sept. 23, 1924 
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Exuiorr, EaruC. Vice Pres., Federal Water Service Corp., 27 
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Euuis, N. RANDALL. Valtn. Engr. City Atty. Office, 453 City 
*E_is, JosepH W. 1310 West 112th Street, Cleveland, Ohio. 
ELuswortH, Frep D. Local Mgr., Petaluma Power & Water 
Co., 114 Main St., Petaluma, Calif.................... 
Evtsworts, Harry. Supt. Water and Light Dept., Mead- 


*ELtrop, Henry E. Mills-Fraser Bldg., Room 209, Santa 
*E.ty, HowarpM. Superintendent Water Co., Danville, Ill... 
*E.y, Joun 8. Division Engineer, Div. of Water, Room B3, 
*Emerson, C.A., Jr. 804 Pennsylvania Bldg., 15th & Chestnut 
——— Frank. Engr. & Supt. of Public Wks., Melrose, 


*Encer, M. L. Prof. Mechanics and Hydraulics, Univ. of 
Enau, Harry M. Acting Mgr., Mutual Telephone Co., 
Mutual Telephone Bldg., Erie, Pa..................... 
*ENGLAND, R. G., C.E. Fargo Engineering Co., 147 So. Me- 
*ENGLE, JAMES W. Big Bethel Water Development, R. F. D. 

Ennis, Harry W. City Engineer, City Hall, Bowling Green, 
*Enstow, L. H. c/o The Chlorine Institute, Inc., 30 East 
Erickson, A. Supt.of Water Works, 622 East 
Erickson, D. 2 City Engineer, Lincoln, Nebr............. 
*Erickson, WENDELL J. Asst. Sanitarian, State Dept. of 
Health, 1552 Nott St., Schenectady, N. Y............. 
Ervast, ANDREW. Mgr., Coronado Water Co., 440 Union 

Esty, Roger W. Supt., 17 Hobart St., Danvers, Mass....... 
Evans, CHartes. Supt. of Constr., 540 Haller St., Lima, O. 
*Evans, Epmunp Boyce. Asst. Bacteriologist, Water Works, 
1215 Elgin Pl., Mt. Adams, Cincinnati, Ohio........... 
*Evans, G. Taytor. Supt., Mahoning Valley Water Co., 
*Everett, Cuester M. Hazen and Whipple, 25 W. 43rd 
EvERETT, JaspER W. Supt., Penobscot Co. Wtr. Co., Orono, 


Witurs Eveenes. P. O. Box 188, San Rafael, 
Ewina, JAMEs. Hunter Dist. Water Sup. and Sew. Bd., New- 


June 9, 1920 
Oct. 21, 1919 


Oct. 10, 1927 
July 18, 1907 


Feb. 8, 1928 
Feb. 2, 1916 
June 8, 1909 


Mar. 20, 1922 
May 12, 1908 
Nov. 12, 1919 
June 15, 1926 
June 27, 1922 


Jan. 19, 1926 
June 12, 1919 


Mar. 11, 1915 
Mar. 25, 1916 
Sept. 2, 1914 
Sept. 4, 1923 
Oct. 20, 1926 
Aug. 16, 1918 


July 30, 1925 
June 30, 1924 


Jan. 19, 1924 
Oct. 11, 1923 
Mar. 1, 1924 
May 26, 1923 
Jan. 27, 1927 
Apr. 6, 1928 
May 10, 1915 
May 5, 1922 
Dec. 29, 1913 
Nov. 5, 1913 


Ouiver. Sect., Public Utilities Comn., London, 
EmMpaRAN, R. R. Manager, Sonoma Water «& Irrigation Co., 
ENANDER, E. H. Engr., Distr. Public Service Co. of North- 
ern Ill., 75 W. Adams St., 
Env, Wituram F. Civil Engineer, Third St., Troy, 
*EnGEL, P.N. 333 W. 25th Place, Chicago, Ill.............. 
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“Pay, Ray C. Municipal Bldg., Rm. 2200, New York, 


*Facer, E. P. Chst. & Bet. Dearborn Chem. Co., 1029 W. 
35th St., Chicago, 

*Farr, Av. Commissioner, Water Dept., Casper, Wyo. 

*Farr, Gorvon Maskew. Assoc. Prof. of San. Engineering, 
Harvard University, 112 Pierce Hall, Cambridge, 


*Fartoute, Freperic B. Civil Engr. & Water Works Supt., 
138 Sayre Street, Elizabeth, N. J.............0se0s20: 
*Fates, ALMOoN L. Metcalf & Eddy, 1300 Statler Bldg., 


FARQUHARSON, Avex. L. “Mgr. Brockville Public Utilities, Vic- 
toria Hall, Brockville, One., . 
*FARRELL, James W. D. Supt. Water Works, 3035 Rae St., 
FarRRELL, L. L. Supt. East Bay Water Co., 512 Sixteenth 
FARRELL, Tuomas S. 1054 Kenneth Dr., Rocky River Br., 
Supt. Springbrook Water Co., Hudson Falls, 
FEENEY, » St Asst. Engr. & Supt. Water Dept., Wilming- 
Faster, Sitas 8. City Engr. & Supt. Water Works, Little 
Feist, Martin. Supt. Mch. Eqpt. St. P. Wtr. Wks., Dayton’s 
Feuix, Grorce H. 138 N. Ninth St., Reading, Pa........... 
*FENKELL, GEoRGEH. Supt. and Gnl. Mgr. Bd. Wtr. Comnrs., 
Jefferson and 8 Sts., Detroit, Mich........... 
FENN, Re er Jr. 50 No. Clinton Ave., Bay Shore, 
*Ferauson, Emery E. North American Water Works Corp., 
*Fercuson, G. H., B.A.Sc. Chief Engr., Dept. of Health, 
*Fercuson, Harry Foster. Chf. Eng., State Dept. of Hlth., 
Fercuson, Joun B., C.E. Hagerstown, Md................. 
Ferris, T. ’B. Chrmn. Wtr. Comnrs. , Niagara Falls, Ont., Can. 
*Fewett, J. H. Superintendent, "Water Dept., Jackson 


*FieLtp, Freperick E. Engr. Nye Bd., 135 Ballantyne 
Ave., Montreal, West, P. Q., 
*Fiecp, T. Consulting Flower Bldg., 


*Fietps, F.V. Supt., Water & Light Dept., Mooresville, N.C. 
*FILBy, "BE. L. Chf. San. Engr., State Board of Health, Jack- 
*FINncn, Ronatp M. Wallace & Tiernan Co., Inc., 240 So. 4th 
*FINK, G. J. Director of Research, Chicago Chemical Co., 
6216 W. 66th Place, Chicago, Il 
Finxiz, F. C. Consulting Hydraulic Engineer, 717-721 
American Bank Building, Los Angeles, Calif........... 
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14, 1927 
26, 1925 
11, 1927 
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8, 1924 
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*FINNERAN, Geo. H. Supt. Water Service, 710 Albany Ave., 

*Fisner, E. A. Consulting Engineer, Rochester, N. Y....... 
Fisuer, L. A. P. O. Box 198, Concord, N. C................ 
*FIisHTEIN, Max. 4534 Osage’ Ave. , Philadelphia 
*PITZGERALD, Howarb. Chf. ., Buffalo Water 


Fraa, [Newatp E. Asst. Engr., ’ Spring Valley Water Co., 
Friack, Horace E. ’ Executive, Dept. Legislative Reference 
*FLapD, Epwarp. Chemieal Bldg., St. 
FLANNERY, WILLIAM. W's. N. Y., 313 
*FLemMING, JoHN D. Asst. Chem. Engr., Water Divn., 34 E. 


*FLeTCHER, ALFRED H. Asst. San. Engr., State Board of 
Health, c/o Health Unit, Monroe, La.................. 
*FoLWELL, A. Prescorr. 7 Erwin Park, Montclair, N. J.. 
Foors, A. "J. Hillside Arcade, Larchmont, 
Foore, Francis C. Sr. Asst. Engr., Morris Knowles, Inc., 
507 Westinghouse Bldg., Pittsburgh, Pa.. 
*Foote, Hersert B. Director, Div. Water & Sewage, State 
Forp, J.W. Engr. San Jose Water Works, 374 W. Santa Clara 
FoREMAN, CHarLEs S. Gen. Supt., Smith Bros., Inc., 600 
Walsix Building, Kansas City, Mo..................... 
*ForREMAN, MERLES. Biologist, Calif. State Board of Health, 
2206 Derby St., Berkeley, 
*ForsBERG, OLE. Chemist, Oliver Iron Mining Co., Hibbing, 


I C. W. Professor of Analytical Chemistry, Ohio State 
*Fou.ks, Jonn A. Cons. Engr., 20 Beaver St., Newark, N. J. 
*Foutz, Cuarues C. Supt., Laporte Water Works, 212 Hol- 
*FowLer, Arraor G. Supt. Water Works, R. F. D. #3, Cum- 
*FOwLER, Epwarp A. Asst. En hg 207 Sewerage & Water 
*Fox,CHarLEs L. Asst. Supt., Water Co., 712 
*Fox, Paut S. San. Engr. Bur. of Pub. Health, P. O. Box 
Francu1, Emitio. Ing., Franchi Gregorini Company, S. 
Eustacchio, 
*Fraser, Sam D. ‘Superintendent Water Works, Carlsbad, 


*Freepurn, H. M. District Engineer, Penna. Dept. of 
Health, 508 B Midvale Avenue, Germantown, Phila., Pa. 
FREER, W. D. American Water Works & Elec. Co., 50 Broad 


May 


June 
July 


May 


May 
Apr. 


Mar. 
Dec. 
May 
Aug. 
Jan. 

June 
Jan. 

Mar. 
June 


June 
Dec. 


Feb. 
Apr. 

Apr. 
June 
Oct. 

June 
May 
May 
Mar. 


. 18, 1921 


4, 1912 
. 27, 1914 
. 29, 1927 


. 20, 1923 


14, 1915 


16, 1919 
23, 1919 


9, 1921 


17, 1927 
14, 1915 


27, 1926 
20, 1927 
10, 1906 
6, 1927 
28, 1924 
1, 1923 
26, 1924 
21, 1920 
17, 1928 
14, 1921 
9, 1919 


17, 1926 
23, 1921 


23, 1926 
27, 1910 
27, 1910 
4, 1912 
31, 1924 
6, 1927 
20, 1926 
5, 1922 
8, 1924 


Jun 
Jan 
De 
*FosTer, CHARLES. Cons. Engr., 512 Selwood Bldg., Dulut 
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*Frencu, D. W. 159 Lydecker St., Englewood, N. J........ 
*FreNCcH, DupteyY K. Chemist, Straus Bldg., Room 1912, 
310 S. Michigan Ave., Chicago, Ill..................... 
Frencu, E. V.,M.E. 185 Franklin St., Boston, Mass........ 
*Fretrer, A. H. Supt., Water Works, 603 S. Broadway, 
Fricker, Emive. Asst. to Mgr., Hackensack Water Com- 
pany, 624 Park Ave., Weehawken, N. J................ 
*Friet, Francis 8. Civil & Sanitary Engineer, Albright & 
Mebus, 112 S. Easton Road, Glenside, Pa.............. 
FRIEND, R. O. 658 E. 
*Fritz, Witt1aM G. Contractor, West Orange, N. J......... 
*FuErTES, JAMES H. Consulting Engineer, Woolworth Bldg., 
Rm., 850, 233 Broadway, New York, N. Y............. 
*FULKMAN, JoHN A. 1700 Engineering Bldg., Wacker Dr. & 
*FuLLeR, GEorGE W. Cons. Engr., 170 Broadway, New York, 


*FULLERTON, HowarDR. Director, Div. of San. Eng., Tennes- 
*FurMAN, Rospert W. Chf. Chemist, Water Purification 
Works, 1443 Kenyon Drive, Toledo, Ohio.............. 


GaBy, Freperick A. Chf. Engr., Hydro-Electric Power Com. 
of Ont., 190 University Ave., Toronto, Ont., Canada..... 
*GacuE, Evtocio M. Chemist & Bacteriologist, Compania 
Aguas Corrientes, Rosario de Santa Fe, Argentine..... 
GarrngEy, C. J. Manager Meter Repairs, 299 Myrtle Ave., 
*GaGeE, STEPHEN Dem. 310 State House, Providence, R. I... 
GaiLtuarD,G. Y. Pres., New Haven Water Co., 100 Crown St., 
*GALLAGHER, H. A. Mgr. Water Co., Independence, Mo..... 
*GALLAHER, WILLIAM id Asst. San. Engr., State Board of 
*GANNETT, FARLEY. President, Gannett, Seelye & Fleming, 


Gates, H. V. Prest., Hillsboro Power & Invest. Co., Hills- 
Gaut, J. V. Local Manager, Port Costa Station, California 
Water Service Co., Box 867, Martinez, Calif........... 
*GaunT, Percy. Chief Sanitation Chemist, c/o Shanghai 
Municipal Council, Shanghai, 
*GausMANN, R. W. c/o Ulen € Company, No. 8 Caragheorghi 
*Gavett, Weston. Analyst, 312 W. 5th St., Plainfield, N. J... 
*GayTton, L. D. City Engineer, 402 City Hall, Chicago, Ill. 
*Grear, Patrick. Supt. Water Dept., Holyoke, Mass......... 
GEEHAN, Epwarp A. American Water Works & Elec. Co., 


May 


Sept. 


12, 1924 
. 10, 1914 


Feb. 
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29, 1895 


25, 1919 
10, 1906 


7, 1922 


. 13, 1925 


22, 1926 
10, 1928 


28, 1924 
10, 1906 
31, 1928 
15, 1898 


. 14, 1914 


27, 1922 
9, 1923 
25, 1922 


8, 1916 


. 27, 1925 


17, 1926 


. 27, 1925 


27, 1924 
8, 1909 


13, 1925 
. 29, 1919 


30, 1916 
16, 1920 
7, 1904 
11, 1927 
12, 1922 


9, 1924 
24, 1913 


6, 1924 


|_| 
May 
May 
July 
Fe. 
Mor 
Mar 
Mar 
May 
July 
July 
*FuLtter, W. A. Cons. Engr., 1917 Railway Exc. Building, = 
Weston E.,C.E. Swarthmore College, Swarthmore, 
Jan. 2 
Ma: 
Feb. 
Mor 
jue 
AT 
May 
June 
ngrs., 204 Locust St., Harrisburg, Pa................. Nov se 
*GarMAN, H.O. Consulting Engineer, 2062 N. Meridian St., ae 
*GascoIcNE, GrorGE B. Sanitary Engr., 648 
Leader-News Bldg., Cleveland, O...................... June < 
June 
Mar 
Nov 
June 


38 ACTIVE MEMBERS 


*Geiston, W. R. Supt. Water Works Commission, Quincy, 


Gensueimer, GeorGE C. Secty. Comrs. of Water Works, 
*GEORGIA, FREDERICK RayMoNnpb. Rollins College, Winter 


Gerarpy, MauriceH. 176E. Jefferson Ave., Detroit, Mich... 
*GERHART, Ropert W. Box R., Beverly Hills, Calif........ 
*GERIN, Maurice, M.S. Sales Engineer, Canadian Fairbanks- 
Morse Co., Ltd, 84 Saint: Antonie St., Montreal, Que., 
*GersTEIN, H. H. 8140 Drexel Ave., Chicago, Ill........... 
GERTSEN, isTAV. Supt. Municipal Water St. Helena, 
*Getrroust, J. 8. Supt. Akron Filt. Plant., Kent, O.......... 
*GEUPEL, L.A c/o Ulen & Company, Eleja Ujadowskie, 37 


Gisspons, Mortimer M. Box 162, Rahway, N. J............ 
*Gisss, Cart C. Supt. Glencoe Water Plant, 611 Rosemary 

*Gipson, JAMEs E. Manager & Engr., Water Dept., 14 George 


Henry T. Supt. Fairhaven Water Co., 


Henry 8S. City Engineer, City Hall, Monrovia, 


Calif 
Gineny, K. Shrewsbury, Pa. ... ss 
*GILCREAS, F. WELLINGTON. 66 Elmore St., Newton Centre, 


*Givcrist, CHarLes B. Supt. Water Works, Newburgh, N. Y. 
*GILKISON, GEORGE F., M_D. Chf. Chst. Water Dept., 5256 
*GiLL, C. S., Supt., Carbondale Municipal Water Works, 206 
*GILLesPIE, C. G. ’ Director, State Bd. Hith., Bur. San. Engr., 


Box 2085, Route 3, Broadway Ter. , Oakland, Calif...... 
*GILLIG, — T, Engineer, 910 ayette Bank Bldg. ., Lexing- 
Rov Tulsa Laboratories, Inc., 312 Richards Bldg., 
GITCHELL, H. M. Supt. Water Works, Binghamton, N. Y.. 
*GLACE, Ivan M. Dist. Engr., Penna. Dept. of Health, 22 So. 
GLANNAN, Peter Huan. Supt. Commonwealth Wtr. 


0. Dvn., 22 Northfield Rd., West Orange, N. J... 
GLYNNE, Harry N. 1676 Whitney Ave., New Haven, Conn.. 
GOBLE, W. F. 7 South First St., Alhambra, 
*Goprroy, F. G. Supt. Water & Light Plant, New Bern, N.C. 
*GOLDSMITH, CLARENCE. Natl. Bd. Fire Underwriters, 222 W. 

Adams St., Rooms 929-65, Chicago, IIl................ 
*GOLDSTEIN, Mavrice. Asst. E., Water Dept., 212 N. 
*GoLer, GEORGE W., "M.D. Health Officer, Health Bureau, 


Chestnut St., Rochester, 


May 7, 1907 
June 22, 1919 
May 16, 1919 


Mar. 16, 1922 
Dec. 13, 1926 


Feb. 10, 
Dec. 24, 1925 


May 25, 1926 
June 8, 1921 


Nov. 28, 1922 
Nov. 8, 1923 
Nov. 9, 1922 
July 19, 1928 
May 1, 1922 
June 8, 1909 
May 23, 1923 


Dec. 21, 1925 
Sept. 30, 1919 


Apr. 4, 1924 
May 25, 1922 


Apr. 24, 1920 
Mar. 13, 1928 
June 10, 1911 
July 28, 1924 


Sept. 7. 1926 
May 7, 1924 


Nov. 30, 1921 
May 29, 1920 


June 8, 1921 
Aug. 12, 1922 
June 17, 1926 
May 17, 1923 
Dec. 27, 1915 
June 9, 1922 


Jan. 12, 1928 


1926 


| | | 
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*Goocu, W. T. 808 Speight Avenue, Waco, Texas........... 
*Goop, Timotay W. Supt. Water Works, Cambridge, Mass... 
*GoopDELL, J. E. Chmst., 444 Woolworth Bldg., Lancaster, Pa. 
*GoopnouGH, X. Henry. Chief Engr. Dept. of Public Health, 
Room 141, State House, Boston, Mass................. 
*Gorpon, Fred G. Monadnock Bldg., Chicago, Ill.......... 
Gorpvon, L.O. Mgr. Operations & Engineering, Peoples Light 
& Power Corp., 27 William St., New York, N 
*GorE, Cons. Engr., Confederation Life Bldg., 
GorMaN, ArTHURE. Chicago Sanitary District, 6743 Olympia 
*GosLau, Justus. Cedar Grove, N. 
*Goupgy, Ray F. Resident Engr., State Dept. of Health, 
823 Sun Finance Bldg., Los Angeles, Calif............. 
*GouLp, Ricuarp H. Sanitary Engineer, Woolworth Building, 
Room 850, 233 Broadway, New York, 
*Grar, Aucust V. Chemical Engineer, St. Louis Water 
Works, 34 E. Grand Ave., St. Louis, wie 
*GraHAM, JAMES W. 16 Casco St., Portland, Maine.......... 
*GraM, ANDREW L. California Water Service Co., Redondo 
*Grant, L. Murray. Supt. Water Department, 531 County - 
Grant, W. K. Municipal Engineer, Louisiana Fire Preven- 
Hen Bureau, 619 Hibernia Bank Bldg., New Orleans, 
Gray, A. C. Water Well Contractor, 28 Grant Street, St. 
*Gray, WituiaM J. Supt. & C.E., Springfield City Water Co., 
Post. Box 292, Springfield, 
*GREELEY, Samug, A. #6 N. Michigan Ave., Rm. 1710, 
GREEN, E.W. Sect., San Jose Water Works, 374 W. Santa 
*GREEN, F. W. Supt. Filtration & Pumping, Passaic Consoli- 
*GREEN, PAUL Evans. Civil & Sanitary Engineer, 400 N. 
*GREEN, Ratpo H. Supt. of Water Works, P. O. Box 103, 
*GrEEN, T. C. City Filtration Plant, Austin, Texas........ 
*GREENFIELD, R. E. Chemist, A. E. Bhan Mie Co., 1002 W. 


Eng., The Johns Hopkins Univ., Baltimore, Md.. 
GREIG, B. Municipal Engr., Point Grey, B. 5851 

West Boulevard, Vancouver, B. C..................... 
Pomme, H. A. Mgr. Water Dept., City Hall, Janesville, 


GRIFFIN, GuY B 50 Irving St., Cambridge, Mass........... 
GRIFFIN, H. K. Div. Mgr., California Water Service Co., 
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Apr. 29, 1925 
Feb. 7, 1920 
Apr. 4, 1924 
Feb. 2, 1924 
June 1921 
Mar. 10, 1927 
Mar. 30, 1910 


Mar. 25, 1924 
May 13, 1924 


Apr. 30, 1918 
Feb. 6, 1924 


June 15, 1914 
June 4, 1912 


Jan. 26, 1928 
Feb. 5, 1927 


May 12, 1925 
Jan. 31, 1927 
Apr. 23, 1924 
July 11, 1907 
Oct. 27, 1925 
Dec. 22, 1915 
Apr. 14, 1915 


Sept. 12, 1924 
Apr. 27, 1925 


Nov. 22, 1926 


June 17, 1926 
Sept. 23, 1927 


Apr. 29, 1926 
Apr. 1, 1910 
June 11, 1928 


June 14, 1920 
July 12, 1926 


Sept. 26, 1927 


|_| 

REENLEE, J. L. Engineer, Asst. to Superintendent, Char- 
*Greer, Frank E, 5458 Kimbark Ave., Chicago, Iil........ - 
GREER, WILLARD N. Research Chemist, Leeds & Northrup ee 
Co., 4901 Stenton Ave., Philadelphia, Pa.............. 


40 ACTIVE MEMBERS 


Grirfin, W. G. Supt., The Frankfort Water Co., Frank- 


*GrirFitus, JAMES G. Supt., Kensington Water Co., Box 


*Grime, EpwinM. Engineer of Water Service, Northern Pa- 

cific Railway, St. Paul, Minn.......... 

*Grimes, Epwin L. Mgr., J. B. McCrary Eng. Corp., 798 
N.E., Atla 


*GRIMMER, ALLAN K. Town Engineer, Riordon Co., Limited, 
DanieL Corneuius. Asst. Secty., Bd. 
*GrROENIGER, Witui1aM C. Cons. San. Engr., 503 Franklin 
GRONER C. 4300 W. Lake St., Chicago, Ill.............. 


Gwi.um, E. C. City Engineer, Box 130, Sheridan, Wyo.... 


*HaspeRMEYER, GeorGe Conrap. Civil & Sanitary Engr., 57 
Chemistry Bldg., Urbana, 
HaBEsHIAN, YERANOS B. Chemist, Filtration Plant, W. 32nd 
& Division Ave., Cleveland, 
Hackett, Lewis E. 313 N. Capitol Ave., Lansing, Mich...... 
Haarns, C. E. 314 Luzerne St., Westmont, Johnstown, Pa. . 
Haun, Water G. Local Manager, Illinois Power & Light 
*Have, Franx E., Po.D. Director of Laboratories, Mt. Pros- 
pect Laboratory, Brooklyn, N. Y...................00: 
Hate, Ricuarp A. Chief Engineer, Essex Company, Law- 
Hae, Ricnarp Kina, C.E. 545 Chestnut Hill Ave., Brook- 
Hau, Artnur J. Bacteriologist & Plant Supt., 316 W. Pros- 
Haut, H. F. Chf. Engr., Water Works Dept., Northern Apts., 
Haut, H. G. Supt. Pub. Util. Comn., Ingersol, Ont., Can.. 
Haut, Harry R. Dpty. Chf. Engr., Washington Suburban 
Sanitary District, Hyattsville, Md..................... 
Jonn W. Supt., Choteau, Montana................. 
Rotanp B. 705 Myrtle St., N. E., Atlanta, Ga...... 
*H as emas F. c/o A. P. Smith Mfg. Co., East Orange, 


Chairman, Tampa Water Committee, 57 Hamilton 
Heath, Tampa, 


Mar. 27, 1925 
Oct. 31, 1924 
July 10, 1926 
Feb. 23, 1920 
June 2, 1920 
Oct. 17, 1920 


May 1922 
Oct. 11, 1923 


July 31, 1924 
July 29, 1925 


June 8, 1921 
June 5, 1920 


June 6, 1927 
May 11, 1928 
May 12, 1908 
Mar. 6, 1926 
Apr. 14, 1915 
Sept. 28, 1926 
Sept. 7; 1928 
Mar. 31, 1928 
May 12, 1908 
May 28, 1924 
June 10, 1911 
Jan. 21, 1927 


June 21, 1920 
Mar. 26, 1923 


May 8, 1915 
May 23, 1925 
Sept. 22, 1925 
July 18, 1901 


Dec. 29, 1926 


Apr. 30, 1928 


| : Gross, C.P. Mgr., Water & Electric Department, Box 87, Wis- 
Gross, Dwieut D. Board of Water Commissioners, Box 
! Grotz, WILLIAM H. Extension Dept., Bureau of Water, 50 
GRUETZMACHER, CLARENCE S. 2108-26th St., Milwaukee, Wis.. 
f GuINEY, Epwarp J. Water Commissioner of Somerset, Box 
if GUNTER, Henman. State Geologist, P. O. Box 495, Tallahas- 
Gusurr, Epwarp G. 5119 Greene St., Germantown, Philadel- 
*Hamitton, Cuas. A., M.E. Giffels, Hamilton & Weeber, 624 
Grand Rapids Natl. Bank Bldg., Grand Rapids, Mich. [x 
Hamitton, Kennetu. Mgr. Hamilton Heath Water Co., 
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HaMMERLY, Fred V. 536 Call Bldg., San Francisco, Calif.... 


Hammonp, R. B. Supt. Water Dept., Blue Island, Ill........ 
*Hammonp, W. H. Supt., Lindsay Water Works, Lindsay, 


*Hancock, Epwin. Cons. Engr., 1509 Jackson Blvd., Chicago, 
Hanuny, J.D. Engr. & Contractor, Ist & Cedar Sts., Kelso, 
HANLEY, JOHN P. ay: Water Service, Water Dept. 
Central R. R. Co. I. C. Sta., Chicago, Ill.............. 
Hanna, Davip McLean. "Service ‘Supt., ity Hall, Windsor, 


*HANNAN, aig Chemist, Filtration Plant, 285 Willow 
*Hansen, A. E. Hyd. and San. Engr., 116 W. 39th St., New 
Hansen, J. C. Water Works Trustee, 551 West Broadway, 
*HansEN, Pau. c/o Pearse, Greeley & Hansen, #6 N. 
Michigan Ave., Rm. 1710, Chicago, Ill................. 
*Harper, E.C. Sect., American Bauxite Co., 1111 Harrison 


“Haneae, Fr . J. Civ. & San. Engr., 129Market St., Paterson, 
*Harpin, Evcene A. Engineering Division, 8100 W. Warren 


N. 
*Harpy, Epwarp Dana. Asst. Engr., United States En- 
gineer’s Office, Navy Dept. Bldg., Room 1716, Washing- 


HaRGER, Frank D. Chief Operator, City Filtration Plant, 


Harper, L. V. Mgr., Chelan Electric Co., Chelan, Wash.. 
*Harris, Howarp A. Asst. Engr. California Water Service 
Co., 412 Hunter-Dulin Bldg., San Francisco. Cal....... 
Haris, R. C. Commissioner of Works, City Hall, Toronto, 
Harris, W. Mer., McWane Iron Pipe Co., Rm. 
Harrison, Rona. B. A. & Supt. Scarboro 
Twnshp. Water Works? “Birch Cliff, P. O. Toronto, 
*Harrus, C. Netson. 705 Fourth & First Ntl. Bnk. Bldg., 
HARSHBARGER, ELMER Dwiaut. Pres., Pitt Construction 8 
239 Gladstone Rd.. Squirrel Hill Sta. , Pittsburgh, Pa.. 
*HARTMANN, F. W. City Manager, Alma, 
HARTWELL, Otiver W. Dist. Engr., U. S. Geological Survey, 
*Hasxins, Capt. Cuas A. Consulting Engineer, 517 Finance 
*Hatcn, AkamMH. Chief Chemist in charge of Water Purifica- 
tion Plants of Canal Zone, P. O. Box 283, Ancon, Canal 
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Jan. 2, 1924 
June 8, 1919 


June 24, 1914 
Nov. 12, 1919 
Dec. 13, 1927 
Mar. 13, 1925 
June 9, 1920 
July 30, 1921 
Dec. 31, 1917 
Feb. 27, 1924 
June 4, 1912 
Oct. 16, 1924 
Dec. 4, 1920 
Nov. 10, 1925 
Oct 10, 1912 
June 6, 1922 


May 12, 1908 


Apr. 10, 1926 
Aug. 19, 1914 


Aug. 15, 1927 
May 12, 1914 
Feb. 17, 1927 


Jan. 30, 1924 
Apr. 16, 1914 


June 28, 1924 
July 20, 1925 


Jan. 24, 1928 
June 19, 1924 


Aug. 20, 1927 
May 16, 1920 


= 

ARDING, GEORGE. gr., 1105 Paulsen Building, Spokane, - 
*Harpina, James C., Jr., C.E. 170 Broadway, New York. 2 
Pei 

*Hatcu, Donatp M. 610 Wildwood Ave,. Jackson, Mich..... 2 


42 ACTIVE MEMBERS 


*Harcu, Tueopore. 112 Pierce Hall, Harvard University, 

*HATFIELD, WILLIAM DurRELL. Sewage Disposal Plant, Sani- 
tary District of Decatur, Decatur, Tll.::.............: 

Haupt, B. W. Secty., Roaring Creek and Bear Gap Wtr. Cos., 


204 E. Sunbury 'St., 
*Havens, WILitIAM L. ‘Associate, Geo. B. Gascoigne, 1149 
Leader Bldg., Cleveland, 
Haviti, Haroup THomas. Asst. Engr., Wtr. Sup. N. 


*Haw_ey, Gro. W. Engr. in Charge, Water Inves- 
tgn. & Constn., East Bay Water Co., Oakland, Calif.. 

Haw ey, w. Secty. & Treasr. Water Co. Dixon, Ill. 

*HAWLeY, Joun B. Cons. Engr., 403 Cotton Exchange, Ft. 


Hawtey, W. C. Chf. Engr. & Genl. Supt., Pennsylvania 
Water Co., 712 South Ave., Wilkinsburg, 


bee CHARLES. 2726 West Somerset St. , Philadelphia, 


Hays, C. "D. Huron, South Dakota. 
Hayrwoop, G. C. Secy., Metropolitan. Water Supply ‘Dept., 
*Hazen, ALLEN. Civil Engineer, 25 W. 48rd St., New York, 
*HazLenurst, Georce H. Chf.San.Engr., Montgomery, Ala. 
HEALEY, THOMAS. Supt. Davenport Water Co., 206 Kahl 
Hearp, AtBert. Supt. & Treas. Water Works, Hagerstown, 
*Heater, R.O. Mer., Heater Well Drilling Co., Cary, N.C.. 
*HeaTu, Ray. Laboratories of Dept. of Health, City Hall, 
HesBRIna, A. 'W. Supt. Wauwatosa Water Works, 292 Ken- 
*Hecumer, Cary A. Dept. Engr., Mtnce. & Optg. Dept., 


Wash. Subn. San. Dist., Hyattsville, Md.............. 
neuer, H. C. Manager Water Works Co., Hoquiam, 


HEFFERNAN, Davin A. Supt. Water Dept., Milton, Mass..... 
Henuina, Harry A. Supt., Consol. Water Co., 86 Beekman 
*Hevtmreica, L. W. Supt., Capital City Water Co., Box 32, 
Hetwick, J. W. V. P. & Gen. Mgr., Oregon-Washington Wa- 
ter Service Cs. ., 701 Corbett Bldg. 
*Hensy, Wo. H. Pres., St. Louis County Water Co., 6600 
*HENDERSON, CHARLES R. Mgr. Davenport Water Co., Daven- 
HENDERSON, Crark T. Chairman Water Commission, 317 
Chapin Lane, Burlingame, Calif... 
Henprick, WALLACE M. 331 Madison Ave., New York, N. Y.. 
“HENDRICKS, R. W. Engr. Hyd. Dept. Undtrs. Labs. , 207 E. 


Jan. 6, 1926 
Jan. 31, 1917 
Mar. 16, 1922 
June 5, 1926 
June 11, 1902 
Nov. 4, 1926 


June 30, 1922 
June 2i, 1920 


June 1, 1923 
Apr. 27, 1910 
Feb. 17, 1919 


June 8, 1909 
Oct. 31, 1922 


Oct. 6, 1915 


May 27, 1896 
Nov. 1, 1914 


May 28, 1924 


July 18, 1907 
Dec. 29, 1924 


June 26, 1924 
Sept. 8, 1923 
Nov. 3, 1919 


June 26, 1886 
May 28, 1924 


Jan, 17, 1922 
Feb. 14, 1927 
May 24, 1927 
May 6, 1915 
June 18, 1901 


Mar. 10, 1926 
May 10, 1915 


Apr. 2, 1923 


a *Hayrorb, B. B. Superintendent Water Works, Waukesha, 
] 
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Henpry, W. A. Chf. Engr., Water Works, 628 West 9th St., 

HENSHAW, FRANKLIN. Supt. Water Works, Scarsdale, N. Y.. Sept. 21, 1920 
*Herr, J. O. Manager, Monmouth Consolidated Water Co., 


Hess, Epwin Wester. Cons. Engr., 2-6 Murray Bldg., Clear- 

HETzER, MENTOR. Mgr. Moundsville Water Co., Mounds- 

*HeVENOR, GLoster P. C. E., Hevenor & Weller, Inc., 5 St. 

Heywarp, T. C., B.S. Mech. & Elect. Engr., 1100 Realty 

Bldg. 4 Charlotte, June 22, 1923 
Hissarp, C. B. Vice-Pres., Peabody, Smith & Co., Inc., 38 

*Hipps, ALBERT S. Ass’t Supt., Akron City Water Works, 

Municipal Bldg., Akron, Sept. 12, 1922 
HIBSCHMAN, Sanus’ A, Supt., Ambler Spring Water Co., 

Ambler, Montgomery Co., Pa..............-..sesee0e- Aug. 11, 1924 


*Hickox, J. R. Hyd. Engr., Chicago, Burlington & Quincy R. 
R., Room 1501, Burlington Bldg., 547 W. Jackson 


Blvd., Chicago, June 17, 1926 
*HIGGINs, LAFAYETTE, C.E., 1144 W. 25th St., Des Moines, - 
*HicHLAND, Scottanp G. General Manager, Clarksburg 
Water Board, Clarksburg, W. Va...................... Feb. 10, 1913 
*Hitt, Avpert B. Cons. C.E., 100 Crown St., New Haven, 
*Hitt, Harry Prescor. 40 Kennedy St., Manchester, 
Joun W. Cons. Engr., Brotherhood Bldg., Cincinnati, 
S., Jr. Cons. Engr., 112 E. 19th St., New 
Hincuman, T. H. — Engr., 800 Marquette Bldg., Detroit, 
Mic 
Jack ‘Jr. Assoc. Prof. of Sanitation, Univ. of 
Iowa, P. O. Box 313, Iowa City, Iowa................. Apr. 21, 1915 
*Hoap, Pror. WILLIAM CurisTIAN. 1028 Martin Place, Ann \ 


Hoaa, Grorce E. Fire Prevention Engineer, New York Fire 

Insurance Rating Organization, Suburban Division, 85 

Hoaa, Percy LATourerrte. Hyd. Engr., Manhasset, L.I.,N. Y. June 28, 1919 
HoaaGuanp, Ira Goutp. Secty., National Automatic Spklr. 


Assn., 80 Maiden Lane, New York, N. Y............... Apr. 27, 1910 
*Hosaoop, A. B. Supt. of Water Works, Apex, N.C........ Oct. 29, 1927 Bes, 
*Hopaes, C. Chemist, Consolidated Water Co., 712 
Hoveman, Burt B., C.E. 50 Church St., New York, N. Y... July 18, 1907 
Hopkinson, Tuomas. C.E., Supt. Water Works, 14 King St., 
HorrMan, Fioyp A. Supt. of Water Dept., Box 413, Morris- 
HorrMasTeR, GrorGe Epwarp. 32 Grove Ave., Larchmont, 
HoaGan, Joun Cons. Engineer, 84 Pine St., New 


44 ACTIVE MEMBERS 


*Ho.prook, A. A. General Mgr., Stroudsburg Water Supply 

ArtuurR.,C.E. Fuller & McClintock, 170 Broad- 

Hiesnnarem L. I. The Duro Co., 50 Church St., New York, 
*HotprepGE, C. P. O. Box 615, Haskell, N. J........ 
*Hotpsworta, Victor. 4 Corporation St., Dewsbury, Yorks, 


*HoLuanp, Ray Kinesspury. Consulting Engineer, 106 E. 


Hotman, E. T. Chief Inspector, Tenn. Inspec. Bur., 1034 
*Hotmgs, J.A. Chief Chemist, Chicago Chemical Co., 6216 W. 
*Houmauist, C. A. State Dept. of Health, Albany, N. Y..... 
*Hoxirz, J. B. Water Commissioner, Dillon, Mont........... 
Hotway, A. 8S. 936 N. Michigan Ave., 
Houway, W.R. Lock Joint Pipe Co., 
*“Hommon, Harry B. Sanitary Engr., U 420 Call 
HonneEss, GEORGE GILL. 293 Wall St., Kingston, N. Y...... 
Hooper, THoomas H. Supt. Water Works, Winnipeg, Mani- 


‘Hoon. A. Supt., Filter Plant, Park Water 
Dept., Highland Park, 
*Hoover, P. Chemist, Filtration Plant, Columbus, 


*Hoover, Cuarence B. Supt. Wtr. & Swge. Disp., 6th and 
Broad Sts., Columbus, 


*HopkKINs, CuarLes Comstock. and Sanitary 
Engr., 349 Cutler Building, Roc 
*HopkINs, Epwarp S. Montebello Filters, Hilien Road, Bal- 
*HopKINS, Epwin W. Consolidated Water Co. , 712 Washington 
*HopKIns, FRANKLYN Prest. Consol. Water Co., 712 Wash- 
*Hopxins, N EWTON F. Civil Engineer, 801 Home Trust Bldg., 
Hopper, Waurer C. Supt. Passaic Consol. Water Co., 145 
Horne, ALFRED Dewey. 4820 Fletcher St., Chicago, Ill. . 
Horne, Ratpx W. Fay, Spofford & Thorndike, 44 School 
Horner, Cuartes M. Supt. Water Works Co., 1705 State 
Horner, ’H.H. Vice Pres. & Supt., The Water 
Works Co., 2114 1st Ave., Birmin a ee 
*HORNING, Frep A. Mgr., Superior Elec. Light & Water 
F.B. Chemical Engineer, 1005 N. Leamington 
Horton, Rosert E., H.E. R.D. #1, Voorheesville, N. Y.. 
*HorrTon, THEODORE. Chf. San. Engr. Dept. of State Engi- 
neering, 346 State St., Albany, N. Y................... 


Jan. 14, 1925 


Apr. 30, 1923 


Jan. 1, 1926 
May 26, 1924 


Sept. 3, 1925 
Jan. 17, 1919 
Jan. 7, 1924 
May 25, 1926 
Apr. 27, 1923 
Jan. 17, 1927 
June 9, 1921 
Feb. 18, 1925 


July 27, 1921 
Apr. 4, 1924 


Mar. 5, 1924 
Apr. 10, 1923 
Mar. 10, 1926 
May 14, 1913 
Apr. 18, 1923 
June 10, 1911 
June 13, 1921 
Aug. 13, 1925 
June 16, 1919 
July 18, 1907 


June 10, 1911 
Nov. 12, 1920 


May 26, 1928 
June 24, 1903 
Dec. 29, 1924 
Apr. 10, 1926 


Jan. 20, 1911 
Jan. 20, 1911 


July 18, 1907 


1 
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Hoskinson, Cart M. Chief Engineer, Sacramento Filtration 
Plans, Calif... 
Hostetter, Ervin W. Supt. of Distribution, Iowa City, 


ae Harry E. 795 Chenango St., Binghampton, 
*Houanu, Laurence C. Dist. Mgr. Pitometer Co., 55 Bourne 
*HovseEr, C. Metcalf & Eddy, 1300 Statler Bldg., 
*HoustTon, & J., Jr. City Mgr., Fredericksburg, Va........ 
Cuartes D. Chemist, State Bd. of Hith., Concord, 
*Howarp, Joun L. Ashburton Place, Boston, Mass......... 
*Howarp, N. J. Bacteriologist in Charge, Water Purif., 
Island Filtration Laboratories, 410 Lake Shore, Centre 
*Howe, J. PARNELL. Engineer, Town of Pembroke, Pem- 
*Howe, M. J. Supt., Bd. Water Comnrs., Lake City, Minn.. 
*HowELL, pave J., C.E. Union Trust Building, Washing- 
How.anp, E. Rosert. The British Pitometer Co., 39 Vic- 
toria St., London, S. W. I., England................... 
*How J. Hastinas. Engr., National Board of Fire 
. Underwriters, 85 John St., New York, N. Y........... 
*Howson, Louis R. Alvord, Burdick & Howson, 130 Eighth 
Hoy, Joserpu A. Asst. Genl. Foreman, Water Dept., 18 East 
HvuBBARD M. Supt., Municipal Water Dept., Box Letter 
*HuBBELL, W. Cons. Engr., 2640 Buhl Bldg., 
Hupson, Jonn. Compania Aguas Corrientes, San Nicolas, 
*Hupson, Leo. 802 Wabash Bldg, Pittsburgh, Pa........... 
Hvuaaans, R. D. Mgr. Water Works, Streator, Ill........... 
*Huaues, W.P. City Engr. & Water Supt., City Hall, Lewis- 
*Hucues, JAMeEs. Asst. Engr. for Maintenance, 
Melbourne & Metropolitan Board of Works, 110 Spencer 
St., Melbourne, Victoria, Australia..................... 
*HUMASON, N. J. Supt. of Filtration, Elyria Water Works, 
Home, W. R. Mechanical Engineer, c/o Hume Pipe Co., Mel- 
*HuMPHREYS, CHESTERC. Superintendent Filtration, Tampa 
Hunt, Wm. G. Pump House Residence, R. R. No. 4, Peter- 
*HonTER, CHARLES Asst. Detr. State Hlth. Lab., Ver- 
*Hunter, Henry G. 598 Union Ave., Montreal, Canada.. 
“Hunter, Engineer, 41 Sutter ‘St., Rm. 718, 
Hunter, W. W. Supt., Canal & Water Works, Augusta, Ga.. 
*HUNTINGTON, C.C. Box 613, Eureka, Kan................. 


June 
June 
Mar. 
Jan. 


Nov. 
Feb. 


Apr. 
May 


Nov. 


June 


Aug. 
July 
Apr. 


Sept. 


Sept. 


Mar. 
June 
June 
Apr. 


July 
June 
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29, 1928 
6, 1927 
16, 1927 
17, 1919 


24, 1925 
17, 1919 


. 18, 1921 


31, 1924 


21, 1920 


. 10, 1928 
. 11, 1922 


24, 1903 
19, 1924 
7, 1913 
19, 1915 


18, 1925 


7, 1927 
13, 1925 
6, 1927 
17, 1926 
29, 1924 


18, 1923 
10, 1911 


10, 1906 
24, 1922 


. 19, 1927 


low a 
a 
May 
June 
Ma 
Feb 
Oct. 10, 1914 io 
Apr. 22, 1914 
May 15, 1924 = 
24, 1916 
15, 1922 2 
10, 1925 
May 
Me 
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Hurp, Caartes H. 1607 Merchants Bank Bldg., Indian- 
*HurpLE, ReainaLtp T. Supt. of Water & City Engr., Box 546, 
Glendive, 
Horwsvrt, Wittiam W. 207 South Broadway, Los Angeles, 


Huse, Grorece A. Treas. & Mgr., Northern Illinois Water 
Co., 132 8S. Dearborn Ave., 
*Hurcuins, Wii A. Secty. and Supt. Water Co., 196 Van 
*HUTCHINSON, ALEXANDER, C.E. Detr. Drummond, McCall 
& Co., P. O. Box 660, Montreal, P. Q................ 
Hutson, A.Cary. 85 John St., New York, N.Y.............. 
Harotp S. Sanitary Engineer, 233 Oliver Ave., 
*Huy, Harry F. Genl. Mgr., Western New York Water Co., 
Niagara St., 4th fl. , Buffalo, 
*Hypke, Gruman. Cons. Hyd. & San. Engr., Prof. 
Eng., Univ. of Cal., Berkeley, Cal. . 
Hype, Raton H. Vice President & General Manager, “The 
"Campbell Water Co., Box 1, Campbell, Calif........... 
Hyman, H. H. Mgr. Miami Water Co., Miami, 


Icten1rt, H. B. Engineer, Water Dept., 206 City Hall, 
*InriG, CHARLES O. Supt., Hazard Water Co., P.O. Box 1146. 
*InMAN, C. E. Comnr. & Supt. Water Works, Warren, O..... 
Inove, 8. 290 Harajiku, Tokyo, Japan...................... 
Isaac, ay. Sec. G. M., The Hanford Water Co., Hanford, 
*Ivanissevicu, L. Mitre 740, Mendoza, A. R............... 
IWASAKI, Tomiuisa. Water Wks. Dept., Suido Kakucho, 


*Jack, Grant R. Commissioner of Works, 787 Coswell Ave., 
Jackson, C. B. Supt. City Water Corp., Fresno, Cal.. 
*JACKSON, DaniEt D. San. Expt., Havemeyer Hall, Columbia 
University, New York, N. 
*Jacxson, H. W. Supt. Water Works, 912 Arctic St., Antigo, 


*Jackson, JonN F. Supt. Water Works Dept., 115 W. Fourth 
* JACOBS, Josrrn. Cons. C. E. , 613-616 Thomson Bldg., Seattle, 
Jacoss, 8. Chem. Engr., 9 East 41st St., New 
JACOBSEN, Ropert T. Engineering News-Record, 10th Ave. 
*Jauns, L. O. ’ Sanitary Engineer, 520—19th Ave., Moline, 
*Janzic, ALEXANDER C. Wtr. Bact. & Chst. Filtn. Plant, 904 
20th Ave., S. E., Minneapolis, Minn................... 
JARRETT, J. M. "Supt. Water Works, Box 1692, Southern Pines, 
N.C 


Aug. 11, 1914 
July 6, 1926 
May 28, 1924 
May 21, 1923 
June 6, 1927 
Nov. 30, 1920 


May 5, 1921 
Apr. 29, 1924 


Apr. 1, 1920 
Apr. 13, 1916 
July 18, 1907 
May 17, 1927 
Apr. 16, 1916 
Apr. 6, 1928 
Apr. 9, 1925 


May 24, 192] 
July 18, 1907 


May 12, 1908 
Jan. 6, 1927 
Jan. 9, 1923 


Mar. 16, 1926 
Aug. 18, 1920 


Jan. 31, 1910 
Aug. 7, 1924 
May 23, 1923 


July 30, 1920 
Feb. 5, 1919 
Apr. 16, 1914 
May 26, 1927 
Oct. 11, 1921 
June 6, 1927 


e *Hurtcen, P.J. Director Public Works, City Hall, Kenosha, 
+ 
J 
J 
* 
* 
J 
a 
Je 
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*JaRvIs, Capt. ALEXANDER CHARLES. Jens Kofoedsgade 4, 
*JENKINS, Davip. The New Jersey Zine Co., Franklin, N. J. 
JENKINS, EB. J. Superintendent of Distribution, Philadelphia 
Suburban Water Co. Lansdowne, 
*Jenks, Harry N. San. Engr., Assoc. Prof. Sanit. Engineer- 
ing, lowa State College, ‘Ames, 
eae a L. Sanitary Engr., Bureau of Water, Philadel- 


*Saein, J. ARTHUR. Supervisor Water Works Dept., Minne- 
*JensEeN, J. Curis. Mupricipal Water Works, Council Bluffs, 


Jerre, Jos. ArtHuR. Asst. Supt. Montreal Water Works, 1509 
Darling St., Montreal, P. O., Canada.................. 

Jeup, B. J. T. ’Chf. Engr., Indianapolis Water Co., 113 
Monument Circle, Indianapolis, Ind. . 

*Jeup, BarnarD H. 2415 Talbott Ave., Indianapolis, Ind.. 

JEWELL, Wituam V. Chief Bkpr., Dept. of Streets & Public 
Impvts., 123 Clifton Place, Jersey 

JOHNS, Hersert M. Supt. Hanford Water Co., Hanford, 


JoHNsON, Epcar W. Asst. Engr., Water Dept., 3821 Elliot 
Ave., Minneapolis, 

* JOHNSON, Cou. Georaz A. Cons. Engr., 150 Nassau St., New 


*Jonnson, H. E. Supt. Public Utility Plant, Winona, Miss.. 
JOHNSON, "H. V. Sect. Treas., Oregon-Wash. Water Service 

Co., 701 Corbett Bldg., Portland, Ore.. 

JOHNSON, R. K. Dist. Sales Mer., Darling Valve & Mfg. Co., ‘i 

149 Broadway, New York, MY... 
*JoHNSON, SAMUEL C. Room 407, C. & O. Station, Hunting- 

*Jounson, W. Scorr. Division of Sanitary Engineering, State 

Board of Health, Jefferson City, Mo................... 
* JOHNSTON, Witiram J. Supt. Water Works, Marquette, Mich. 
* JONES, Auten A. Fuller & McClintock, 170 Broadway, New 

*Jones, CARLTON W. Indus. & Munic. Engr., Alleghaney Ave., 

Jones, Earu F. Megr., Washington Water, Light & Power Co., 

Jonres, F. WayLtanp. Water Works Supt., P.O. Box No. 112, 

*JoNES, FRANK ’Wooppury. Sanitary Chemist, 4293 E. 134th 

JONES, H. E. Brunner, Mond & Co., Ltd., Northwich, Che- 


Jonres, H. Seaver. V. Prest., East Jersey Pipe Co., 7 Dey 
* JONES, Harvey P. 1601 Second National Bank Bldg., Toledo, 
*Jones, HrramM F. Supt. Pumping & Filtration, Elmira Water 


Jongs, J. M. Bristol & Warren Water Works, Bristol, R. J.. 

*Jones, Morris S. Asst. Chief Engr., Water Dept., City 

Jones, W. T. Superintendent Water Works, Hollywood, Fla. 


May 
Oct. 


Feb. 
Jan. 
June 
Apr. 
June 
May 


Feb. 
May 


Nov. 
Oct. 
July 


July 
Dec. 


Jan. 
Jan. 
Apr. 


Feb. 
Mar. 


Feb. 
May 
Mar. 
May 
May 
Feb. 
July 
July 


Oct. 
Dec. 
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5, 1914 
14, 1922 


9, 1925 
26, 1917 
30, 1921 
15, 1910 

3, 1912 
25, 1926 


22, 1920 
12, 1925 


10, 1927 
17, 1920 
13, 1917 


18, 1907 
22, 1912 


18, 1928 
18, 1928 
9, 1923 


16, 1924 
10, 1917 


23, 1924 

5, 1928 
23, 1927 
24, 1927 
23, 1923 
6, 1928 
16, 1922 
30, 1922 


18, 1907 
9, 1916 


28, 1924 
11, 1922 


he 
q 
| | 
| 
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*Jones, Newson. 8001-13th St., Tampa, Fla..... 
*JopLin, JosepH W. 421 W. Emerson St., Princeton, Jad...,. 
JoRDAN, Frank C. Secretary Indianapolis Water Co., 113 
Monument Circle, Indianapolis, Ind................... 
*Jorpan, Harry Sanitary Engr., Indianapolis Water Co., 
113 Monument Circle, Indianapolis, Ind............... 
Jorpan, JoHN G. Shields, Jordan & Roe, Engineers, 205 W. 


Jurz, Cuartes E. Treas. St. Louis County Water Co., 6600 


*KaBLE, EpaarP. Genl. Mgr. York Water Co., 42 East Market 
*Kapp, JounJ., Jr. Supt., Municipal Water System, 378 Mor- 
Karu, Frep W. Chemical Engineer, Gypsy Oil Co., Tulsa, 
*Kay, Epegar B. Chf. Hyd. & San. Branch, Q. M.C., 1840 
Mintwood Place, N. W., Washington, D. C............ 
Kearns, L. J. Supt., Fort Madison Water Co., Fort Madison, 


Keatine, Cuartes Stantey. Deputy City Engr., State 
Tower Bldg., 10th fi., Syracuse, N. Y.................. 
*KecCKLER, CLARENCE M. Sanitary Engineer, 21 Westside, 
*KEEFER, CLARENCE Epwarp. Bureau of Sewers, Municipal 
Office Bldg., Baltimore, 
*KEENAN, F.E. Superintendent of Water Wks., Gunnison, 


*Keits, ANTHONY. Supt., Mt. Clemens Water Works, 38 
Moross Ave., Mt. Clemens, Mich.....................- 


*Keis, F. J. Consulting Engineer, Sunset Building, Fort 
*Keita, J. Cuark. Chf. Engr., Essex Border Util. Comn., 
Murray Bldg., Windsor, Ont., Can..................... 
Timotny. Supt. Williamsport Water Co., Williams- 


GEorGE Joun. Sect. & Gen. Mgr., City Water 


N. Deputy County San. Engr. & Surveyor, 
1126 Harding Drive, Toledo, Ohio..................... 
Keuiey, C.H. Supt. Wichita Water Co., 301 No. Main St., 


Kewuuner, Hueu. Chf. Engr. City Water Works, 74 Moy Ave., 
JamMes Witrorp. Bct. & Chst., State Lab. of 
W. Engineer, Water & Light Department, 


*Ketsey, J.W. Genl. Supt. Bureau of Water, St. Paul, Minn. 
Kensie, F. T. F. L. Putnam & Co., 111 Broadway, New 

*Kempxey, Aucustus. Cons. Engr., 416 Hobart Bldg., San 


Apr. 14, 1914 
Feb. 9, 1925 


June 10, 1911 


Oct. 7, 


June 6, 1927 
May 28, 1926 
June 12, 1920 
Apr. 12, 1920 


Nov. 10, 1917 
Mar. 29, 1927 
Sept. 21, 1928 
Apr. 27, 1910 
Mar. 10, 1928 
May 16, 1919 
Sept. 14, 1927 
Feb. 23, 1920 
Feb. 14, 1927 
June 8, 1909 
Apr. 23, 1927 
Mar. 21, 1923 
Feb. 15, 1917 
Nov. 15, 1914 
May 12, 1925 
July 5, 1924 
Feb. 28, 1923 
June 10, 1921 


Dec. 7, 1926 
May 13, 1913 


June 24, 1915 
June 10, 1923 


bi JorGENSEN, H. A. Supt., Municipal Water Works, 385 Elm 
aS Ave., San Bruno, San Mateo Co., Calif................ 
: Jupson, Jonn W. Chf. Acct. Dpt. Sts. & Pub. Impvts., 
lowa 

] 

I 

I 

* 
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*KENDALL, Ep. X. Supt. of Water Operation, Calif.-Oregon 
Powero., Klamath Palis, Ove... ATA 
KENDALL, THEODORE REED. Eng. Editor, The American Cily, 
So. Broadway, South Nyack, N. Y................ 
Bryer C.C. Civil Engr., 543 Call Bldg., San Francisco, 
Kenzie, C. F. Asst. to Pres., Federal Water Service Corp., 
27 William Street, New York, ee 
Kroau, Wm. J. Asst. Engr. Dept. of Water, 9350-209th St., 
*KepNER, Dana E. Director, Div. Sanitary Engineering, 


Summer St., Stamford, 
*KIENLE, JoHN A. Vice President, Mathieson Alkali Works, 
Inc., 250 Park Ave., New York, N. Y.................. 
Krernan, Micuaret J. 15 Caroline, Worcester, Mass........ 
Wynkoop, Jr. 614 Interstate Bldg., Kansas City, 


Place, Boston, Mass. .... . 
*KimBERLY, A. Exuior. San. Engr., 8 E. Long St., Columbus, 


*KinpER, Myron C. Commissioner of Water, City Bldg., 

CHISWELL. 94 Parmalee Ave., Hawthorne, 
Y 


KinGstey, Joun F. Commissioner of Public Property, Cov- 

Krnter, 8.G. Supt., Water Co., Jersey Shore, Pa.......... 

Ww. anager, Mullens Water Works, Mullens, 


*KircHEeNn, H. B. Mgr. Watsonville City Wtr. Wks., 31 E. 3rd 


P. The Dorr Co., 1503 Candler Bldg., Atlanta, 


KirrrepGe, Harry C. Consulting Engineer, 99-107 Oak St., 
Réchadies, 
*KIvELL, Wayne A. Sanitary Engineer, Dorr Co., 310 South 
Kuapp, Cart F. Supt. Water Works, Everett, Wash......... 
mney mn W. Mgr., Northern Indiana Power Co., Wabash, 
*Kxavus, Frep J. Chief Engr., East Bay Water Co., 512-16th 
Kunin, WinttaM I. Cons. Engr., 41 Cortlandt St., New York, 
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Jan. 12, 1928 
Mar. 13, 1919 
Oct. 10, 1927 
Aug. 17, 1927 
June 13, 1922 
July 6, 1926 


June 8, 1909 
Apr. 28, 1925 


Apr. 27, 1925 
Nov. 25, 1915 
May 23, 1923 
Oct. 16, 1925 
Apr. 20, 1921 
Mar. 17, 1916 


June 9, 1920 
May 24, 1922 


Oct. 7, 1924 
Jan. 31, 1923 
Feb. 28, 1928 
Feb. 16, 1924 
Mar. 7, 1927 
Mar. 30, 1926 


May 28, 1924 
Oct. 7, 1917 


June 24, 1915 
Oct. 2, 1915 


July 1, 1918 
June 1, 1927 


= 
Colorado State Board of Health, 420 State Office Bldg., oe 
*KETCHAM, VALENTINE O. Gen. Mgr. Stamford Water Co., 51 Bs 
*KinLaM, SAMUEL E. Supt. Distbn. Sctn. Wtr. Divn., 1 Ash- RS 
Ohio..... 
Kineman, Horace. Comr. and Supt., City Hall, Brockton, es 
*KiRcHOFFER, WILLIAM Gray., San. & Hyd. Engr., 22 N. 
Carroll St., Madison, 
KirKwoop, Liston. Inspector, Waterworks Dept., Public 
: 
*KiingE, Lester W. Gen. Mgr. Water Dept., 106 N. San : 
Gabriel Blvd., San Gabriel, : 
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Kneen, A. H. Scranton-Spring Brook Water Serv. Co., 135 
Jefferson Ave., Seranton, 
KNICKERBACKER, JOHN, C.E. Pres. Eddy Valve Co., 86 First 


*Kniaut, G. Wesper. Manager, Natrona Water Co., Na- 
*Knigut, GERALD W. Consulting Sanitary Engineer, 147 


*Knouse, Homer V. Const. Engr., Metropolitan Utilities 
Dist., Utilities Bldg., 18th & Harney Sts., Omaha, Nebr.. 
*KNOWLES, CLARENCE R. Supt. Water Service, I. C. R. R., 
6627 Woodlawn Ave., Chicago, 
*KnowLes, Morris. Cons. Engr., 507 Westinghouse Bldg., 


*Konovut, Freperick E. Supt., Short Hills Water Co., P.O. 
Koxs, Joun Karu. Mgr., Elect. & Pump Dept., Fairbanks- 
Morse & Co., 630 W. Bay St., Jacksonville, Fla........ 
*Koon, Ray Emerson. Stevens & Koon, Cons. Engrs., Spald- 
KorscuHEen, Joun A. Commissioner of Public Works, City 
Koster, Roy F. Hyd. Engr., Western Pipe & Steel Co., 
5717 Santa Fe Ave., Los Angeles, Calif................ 
*KRAMER, WARREN A. The Dearborn Chemical Co., 1029 W. 
Hernricu. The Permutit Co., 440 Fourth 


*Kuester, Joun H. Supt. Water Works, 370 Naymut St., 


Kuniex, W. A. Supt. Water Division, 2903 N. 26th St., 
KUNKLE, Cartes W. Supt. Johnstown Water Co., 229 
Mifflin St., Johnstown, Pa............. ep 
*Kunz, 8. F. Chf. Operator, Filter Plant, Water Dept., R. F. 


*LaasE, WiLLIAM F. 215 Myrtle Ave., Flushing, N. Y........ 
*LaBooN, JoHN F. Cons. Engr., 346 Bowerhill Road, Pitts- 

*Lassap, A. H. Water Supt., Longview, Wash.............. 
*LacounTt, H.O. Manager, Inspn. Dept. Factory Mutual Ins. 


Co., 124 College Ave., West Somerville, Mass.......... 
Apert A. Supt. Water Works, St. Stephen, N. B., 
*LarorestT, J. P. AtBert. City Engr., City Hall, Longueuil, 
*LAFRENIERE, THEO. J. San. Engr., Board of Health of P. Q., 
59 Notre Dame, East, Montreal, Canada.............. 
*LAMBERT, URBAN S. President, Alexandria Water Co., 
LaMEY, FRANK T. Supt. New Chester Water Co., 422 East 


Lamp.tey, J. H. Megr., Board of Water Commissioners, Hen- 


Jan. 8, 1911 
June 24, 1918 
Dec. 21, 1925 
Nov. 25, 1925 
Sept. 21, 1918 
June 4, 1913 


July 18, 1907 
June 8, 1909 


Jan. 17, 1927 
Aug. 1, 1923 
Mar. 31, 1927 
Feb. 11, 1922 
Feb. 18, 1925 
Aug. 30, 1927 
Mar. 29, 1927 
May 11, 1915 
June 30, 1923 
Aug. 27, 1924 
June 11, 1924 
Feb. 18, 1927 
May 28, 1924 


May 23, 1923 
Dec. 13, 1927 


May 12, 1908 
June 10, 1920 
Sept. 26, 1928 
June 24, 1916 
Dec. 20, 1923 
May 11, 1921 
Aug. 28, 1926 


- Knox, Stuart K. 25 Warfield Street, Montclair, N. J....... 

. Knox, W.H. Asst. Engr., State Dept., of Health, Columbus, 
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Lancrot, Toro. City Engineer, Hull, P. Q., Canada........ 
*LanpretTH, C. P. President, Direct Oxidation Process Co., 
N. W. Cor. 17th & Lehigh Ave., Philadelphia, Pa...... 
LaNnE, Frep W. Superintendent Water Works, 1132 Locust 
*LANGELIER, WILFRED F. Assoc. Prof. San. Eng., Univ. of 
California, Berkeley, 
Lanpuer, E. E. Managing Engr., Bureau of Water, 416 City- 


LaPout, Harotp 8. Deputy Collector, Water Dept., City 


*LARMON, FRANK P. Consulting Engineer, 1618 Beverly Road, 
*LASLeEY, E. W. 2645 Dexter St., Denver, Colo.............. 
*LassiTER, Leroy Irvine. Sanitary Engineer, Consolidated 
Board of Health, Wilmington, N. C................... 
Lasso, AtFrEeDo F. Ing. Civ., Obras Sanitarias de la Nacion, 
*Lararore, THomas R. Asst. Sanitary Engineer, State 
Dept. of Health, Columbus, Ohio..................... 
*Lauser, H. M. Water Superintendent, Savannah, Mo..... 
LauneR, Netson M. Superintendent, P. O. Box 117, La 
LAURENCENA, ALBERTO F. 25 de Junio Street 262, Parana, 
*LauTer, Cart J. Chief Chemist, Washington Filtration 
Dalecarlia Filter Plant, Washington, D. C............. 
“Lanta i E. Secy. and Mgr., Pekin Water Works, Pekin, 
Laux, Paut C. Chemical Representative, National Lime As- 
sociation, 35 South Monroe Ave., Columbus, Ohio..... 
*Lawtor, Francis D. H. Supt. Citizens Water Co., Burling- 
*Lawrence, E. A. Cons. Civ. & Munic. Engr., 511-12 Hart- 
man Bldg., Columbus, 
*LAWRENCE, FrepERIcK H. 145 W. Sharpnack St., German 
Lawrence, R, E. City Engineer, Chanute, Kan............ 
nig W. H. Supt. Water Works, Box 362, Kalispell, 
*LAWRENCE, WILLARD C. Supt. Filtration & Sewage Disposal, 
Baldwin Filters, Fairmount Road, Cleveland, Ohio. ... 
Awe are W. 137 No. Van Ness Ave., Los Angeles, 

*Lea, Witi1aM 8S. Consulting Engineer, 340 University St., 
*Lear, Watter B. Serv. Engr., Aluminate Sales Corp. of 
Chicago, 1649 Cherry St., Denver, Colo................ 
Leany, Tuomas J. 546 Emerson St., Denver, Colo.......... 
*LEARNED, ALBERT P. Asst. Engr., Black & Veatch, 701 
Mutual Blidg., Kansas City, 
LEBOLD, GEorGE. Supt. of Meters, Hackensack Water Co., 
624 Park Ave., Weehawken, N. J...................4.. 
*LEDDEN, ErnestM. 404 Fourth Ave., New York, N. Y...... 
ieee J. W. Cons. Engr., 112 N. Broad St., Philadelphia, 

*Leg, E. Manager Placentia Water Company, Pla- 


Feb. 28, 1923 
Apr. 8, 1922 
Feb. 14, 1925 


Apr. 17, 1914 
Jan. 10, 1928 


May 25, 1926 
Sept. 26, 1917 


Jan. 10, 1925 
Jan. 20, 1928 


Nov. 15, 1926 
Apr. 21, 1928 
Apr. 13, 1922 
Nov. 14, 1915 
Feb. 8, 1926 
July 10, 1906 
Apr. 6, 1921 


Mar. 5, 1924 
May 22, 1928 


Dec. 16, 1919 
| June 17, 1926 
July 10, 1906 
Jan. 26, 1924 


Mar. 19, 1928 
July 29, 1925 


May 15, 1922 


Mar. 13, 1925 
Apr. 5, 1912 


July 18, 1907 
Feb. 15, 1928 


J 
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Mar. 16, 1926 = 
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52 ACTIVE MEMBERS 


*Lez, Cuartes H. Cons. Hyd. Engr., 58 Sutter St., San Fran- 
Leg, Scotr M. Supt. City Water Dept., 58 Newman Ave., 
*Leet, J.N. Supt. Water Dept., North East, Pa............. 
*LEISEN, THeopore A. Gen. Mgr. Metropolitan Utilities 
Dist., Utilities Bldg., Harney at 18th, Omaha, Nebr... 
*LENDALL, Harry N. Engineering Dept., Rutgers Coll., 
LENHARDT, Lawrence G. Division of Engineering, Dept. of 
Water Supply, Water Works Park, Detroit, Mich...... 
Lennon, Epwarp J. Supt. Water Works Dept., City Hall, 
*Leonarp, W. D. Manager, Water, Light & Gas Plants, 101 
N: Main Pore Atiinoon, 
Leopo.p, F. B. 407 House Bldg., ‘Pittsburgh, 
*Leovitt, W. F. Superintendent of Construction, Fresno 
City Water Corp., 1423 Weldon Ave., Fresno, Calif. 
Le Royer, E. Supt. Water Works, St. Lambert, Ont., Canada. 
*LeSaae, THomas WILLIAM. Engr., Water Works Dept., City 
*LESLIE, James. Canada Fire Udtrs. Assn., Coristine Bldg., 
Montreal, 
*LESSARD, C. CAMILLE, C.E. 32 Boulevard des Allies, Quebec, 
*Lerron, H. P. Grant, Fulton & Letton, Engrs., 525 South 
*Levine, Dr. "Max. Assoc. Prof. Bacteriology, Iowa State 
*Levy, A AG f Engr. Construc. & Surveys, Div. of Water, 
9405 Hough Ave., Cleveland, Ohio..................... 
*Lewis, CuesterR F. Cons. Engr., c/o Spoon & Lewis, Box 
LewIs, Joun V. 67 Normandy Ave., Rochester, N. Y....... 
“Lippy, Frank D. Chemist, Kalamazoo Vegt. Parch. Co., 
*Litiy, H. ALBERT. Chemist, Aluminum Co. of America, 
*Litty, Joun. Assistant Waterworks Engineer, British Mu- 
nicipal Waterworks, Tientsin, North China............ 
Lims, Jonn Mozart. Chief Chemist, Western Aust. Govt. 
Railways, Midland Junction, W. Aust.................. 
*LINDERS, Ep. Engineer of Design, Water Dept., 601 City 
Hall, 
Lira, Lronarvo. Chi. Engr. of Inspt. Water Works, Casilla 


492, Santiago, 
*LitcH, M. B. Chemist in charge of Filters, 631 Pine St., 
*LITTLE, Brexman C. 305 Cutler Bldg., East Avenue, 


D., CG. E. 903° Second St., Peekskill, 
Lorton, H. M. Chattanooga, 
*Loaan, C.G. Supt. Waterworks, Waynesville, N. C....... 
Lona, George J. Prest., Inter-State Water Co., P. O. Box 

Lona, James H. Chief Engr., City Hall, Camden, N J....... 
*LONGLAND, E. L. Supt., Municipal Water District, San 


Mar. 21, 1912 


June 6, 1927 
May 4, 1911 


June 7, 1904 
Mar. 6, 1923 
June 10, 1920 
Apr. 10, 1926 


July 21, 1922 
May 11, 1914 


Mar. 16, 1927 
Mar. 26, 1928 


Apr. 24, 1916 
May 5, 1920 
Feb. 25, 1927 
Dec. 23, 1914 
Nov. 30, 1921 
May 17, 1910 


Apr. 23, 1924 
Feb. 18, 1921 


May 23, 1923 
July 19, 1927 
Dec. 20, 1926 
Apr. 27, 1928 
Oct. 16, 1925 
Sept. 9, 1919 
May 1, 1922 
June 24, 1903 
Mar. 19, 1924 
Dee. 8, 1923 


May 24, 1915 
May 13, 1919 


Apr. 10, 1924 


: 


AMERICAN WATER WORKS ASSOCIATION 


F. Lock Joint Pipe Co., Box 21, Ampere, 
*LoseE, James R. Engineer & Superintendent, Tarrytown 

Water Works, 65 Main St., Tarrytown, N. Y........... 
*LOUGHRAN, JAMES F, 74 John 'St. “Kingston, N.Y... 
LovIsoNn, Ben Howe. 654 Bergen Avenue, Jersey City, N. J... 
*LounsBuRY, Wm. C. Gen. Mgr., Superior Water, Lt. & 

Lount, C. A. Commissioner of Works, Cornwall, Ont., 


"Loy. © G. E. Water Works Supt., P. O. Box 388, Bristol, 
*Lovesoy, Wm. H. Supt. Filtration, Louisville Water Co., 


*LOVELAND, H. Engineer, 908 Balboa 
Lovett, A. P. Gen. Formn., San Diego Wtr. Dept., 2516 
San Marcos Ave., San Diego, Calif.................... 
*Lower, J. R. Chemist- in-Charge, Bucyrus Water Works, 
*LowTHER, Burton. Consulting Engineer, 316 Guardian 
*Luce, ARTHUR T. Federal Water Service Corp., 27 William 
*Luptow, J. L. Cons. Engr., Winston-Salem, N. C.......... 
*LUIPPOLD, G.T. Wallace & Tiernan Co. , 304 Holm Bldg., 3923 
*LUNDELL, Grorce R. Asst. Chemist & Bacteriologist, Frid- 
ley Filtration Plant, Minneapolis, 
LUNDBERG, Eric. Water Works Su | 
*LUscoMBE, Wiuuiam. Vice Pres. ary Heat, Water 
Luray, Frep. Chf. Engr. Water Dept., Orange, N. J........ 
*LyLte, NewTon B. Supt. Clymer Water Co., Sav- 
ings & Trust Bidg., Indiana, Pa...................%..-. 
Ly g E. Chemist, Tampa Filtration Plant, Tampa, 
Leek Raman R. Consulting Civil Engineer, 47 E. So. 
Temple St., Salt Lake City, Utah..................... 
Lyncu, Tuomas C. Supt., Rochester Water Works, Meter 
Dept., Dewey Ave., cor. Bloss St., Rochester, N.Y. 
*Lyon, A.S. Supt. of Public Works, Rocky Mount, N.C.. 
*Lyon, Frank A. Supt. City Water Dept., 130 East St., 
*Lyon, Mrs. FRANK A. Chemist & Asst. Supt., Water Depart- 
ment, 130 East St., Oneonta, N. Y..................... 


A. Supt. Water & Light Dept., Farmville, 
*McAtary, ALLAN. Supt. & Treas. Camden & Rockland 
Water Co., Box 151, Rockland, Me.................... 
McAtprng, A. H. Genl. Western Agt., Hersey Mfg. Co., 1557 
*McAmis, James W. Su t., Water Works, Greeneville, Tenn. 
McBournertt, B. B. ater Superintendent, City’ Hall, 
Chickasha, 
McCarrery, Bernarp J., M.E. Supt. of Water Works, South 


July 
July 
Jan. 
Oct. 
May 


Mar. 


Sept. 


June 


Oct. 


Nov. 
Sept. 


June 


Apr. 
June 


Feb. 
Aug. 


Sept. 


May 
June 


June 
Jan. 
Dec. 


Feb. 
Dec. 


Oct. 
Dec. 


Dec. 
Apr. 
Apr. 


Sept. 


22, 1924 

8, 1923 
28, 1927 
21, 1921 


10, 1919 
7, 1904 


16, 1924 


8, 1927 
25, 1923 


12, 1908 
8, 1921 


17, 1926 
1, 1927 
18, 1924 


17, 1927 
8, 1923 


16, 1924 
15, 1925 


8, 1923 
18, 1922 


27, 1889 
12, 1921 


2, 1924 


. 10, 1926 
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54 ACTIVE MEMBERS 


McCarrrey, Wm. A. Supt. Water Works, 191 E. 6th St., 
*McCa.es, Wa. B. Gen. Supt. Wtr. Cos.. P. R. R., Coml. 
Trust Bldg., Rm. 922, Philadelphia, Pa.... .......... 
*McCanpDLess, ANDERSON L. Supt. Euclid Water Dept., 
*McCartuy, Owen A. Commissioner of Water Supply, City 
McCarty, Epwarp C. California Water Service Co., 412 
Hunter-Dulin Bldg., San Francisco, Calif................ 
*McCuain, Cart A. Genl. Superintendent-Secretary, Eugene 


*McCienauAN, W.T. 6218 University Ave., Chicago, Ill..... 
*McCuintock, JAMES R. 170 Broadway, New York, N. Y... 
*McCuore, Ira E. Supt. Water Works, P.O. Box 45, Colum- 

*McConnELL, EaRLE G. Mees & Mees, 616 Johnston Bldg., 

*McCrapy, MacHarvey. Chmst. & Bact., Bd. of Hith. of 

P. Q., 59 Notre Dame East, Montreal, Canada........ 
*McCrea, T. R. Biologist, Morehead City, N. C........... 
McCruppen, D. A. Asst. to Chief, Bur. of Wtr., 796 City 

eas E. Engineer, 2320 Grand Ave., Minneapolis, 

WALTER. Consulting Engineer, 406 Gluck Bldg., 

*McCurpy, H. 8. R. Chf. Engr., Phila. Suburban Water Co., 


M. 
McIntosu, WituraM. P. O. Box 794, Santo Domingo City, 
*McKauauan, O. M. Supt. Water Dept., Wake Forest, N.C. 
McKay, Joun Witu1AM. Deputy Chf. Engr. Dpt. W. S. G. 
and E., 170 College Ave., Boro. Rehmnd., New York... 
*McLareN, Perer. Hydraulic Engineer, 501 N. Washington 
McLaveuun, H. L. Salesman, National Meter Co., 1117 


June 21, 1920 
Sept. 30, 1919 
Feb. 8, 1928 
Mar. 3, 1927 
July 11, 1927, 
Jan. 17, 1928 
June 9, 1921 
Aug. 28, 1924 
1 1914 
Mar. 27, 1925 
June 1, 1923 


Apr. 7, 1916 
Aug. 28, 1926 


July 7, 1920 
May 27, 1922 
Mar. 17, 1926 
July 16, 1927 
Dec. 29, 1925 
June 19, 1920 


25, 1913 
May 28, 1924 


May 12, 1908 
Mar. 8, 1924 


June 11, 1916 
Apr. 5, 1912 


May 12, 1914 


Feb. 26, 1913 
Dec. 8, 1923 


Feb. 19, 1920 
Oct. 13, 1926 
Mar. 10, 1926 


*McCuiaskEy, GeorGe G. Consulting Engineer, 818 Renkert 
: McCLELLAN, THOMAS D. United Piece Dye Works, Lodi, 
2 McCurpy, Howarp. City Engineer & Supt. Water Works, 4305 
Santa Fe Ave., Vernon, 
: McDonatp, Joun H. Pres. Bd. Water Comnrs., City Hall, 
Rosert 402 Interstate Building, Kansas 
McEvoy, F. 61 Winfield Ave., Jersey City, N.J..... 
McFaruanp, CuestTer R. Secy. & Gen. Mgr., Tampa Water 
- *McFaut, W. L. Mgr. Water Dept. & City Engr., City Hall, 
: McGeeuin, D. J. Supt. Wyo. Valley Water Supply Co., 
Markle Bank Bldg., Hazleton, 
Wm. J. P. O. Box 2360, Louisville, Ky......... 
: McInngs, F. A. Cons. Engr., 264 Bay State Rd., Boston 


AMERICAN WATER WORKS ASSOCIATION 


McRag, J. Percy. c/o Sawyer-Massey Co., Hamilton, Ont., 


*McRag, sone B. Cons. Engr., Jackson Bldg., Ottawa, 
McReyno.ps, B. B. Supt. Water Wks., City Hall, Colorado 
J. City City Hall, Houston, Texas. ... 
McWang, J Pres., McWane Cast Iron Pipe Co., Birming- 
McWituiams, D.E. Prest., Bear Gap Wtr. Co., Mgr. Roaring 
Creek Wtr. Co., Box 17, Shamokin, Pa................ 


*McWiturams, Masor Jonn I. Camp Quartermaster, P. O 
Box 1, Pine Camp, Great Bend, Jefferson Co., N. Y. 
*MABEER, Curtis. Asst. Chief En ineer, Indian- 
apolis Water Co., 113 Monument Cir., Indianapolis, Ind. 
Macauium, ANDREW F. Comnr. of Works & City Engr., City 
*MacCarrty, A. City Commissioner, Box 115, Sheridan, Wyo. 
*MacDonatp, EmmerttT. Mgr., Illinois Water Service Co., 


MacNameg, Daniet F. Standard-Star Bldg., 55 Rose St., 
*MacNicot, N. Township Engineer, Township of Etobicoke, 
MacquEeEn, O. 5904 Dalecarlia Place, N.W., Wash- 
Mapison, James Civil Engineer, P. O. Box 435, 
*Marritr, Date L. Chemist, Des Moines Municipal Water 
*MaFFITT, Howarp C. Consulting Chemist, 526—11th St., 


Dec. 


55 


12, 1928 
29, 1928 


. 23, 1924 
. 16, 1927 


31, 1928 


17, 1926 


. 28, 1926 
. 13, 1923 


. 30, 1924 


9, 1906 
25, 1914 


. 6, 1924 
. 26, 1926 


16, 1922 
22, 1928 


. 19, 1924 


23, 1927 
18, 1925 


7, 1904 


. 23, 1926 


8, 1917 


11, 1927 


. 14, 1916 
. 16, 1926 


28, 1924 
1, 1927 


. 16, 1926 


28, 1924 


. 26, 1926 


2, 1918 
20, 1926 


McLavGuuin, Puitie L. Sanitary Engineer, 111 Halstead St., 
McLean, R. F. Supt. of Water Dept., Walla Walla, Wash.. June Wie 
McLeop, J. A. Asst. Chf. i, Bureau of Engineering, a 
State Board of Health, Raleigh, N. C.................. Apr oe 
*McMiuuan, J. A. Manager Water Works, Charlottetown, ag 
P. E. I., Can Mar 
McMILLan, W. Bruce. Chf. Engr., Thebo, Sarr Anderton, 
Inc., 523 Sharon Bldg., San Francisco, Calif........... May [ x 
*McNamesz, Rosert L. Principal Assistant Engineer, Hoad, 
Decker, Shoecraft & Drury, State Sav. Bk. Bldg., Ann a 
a . L. Superintendent Water Works, Lumberton, 4 
ug 
McQueen, LeoE. Supt. Bd. Pub. Wks., Coldwater, Mich.... 
May 
Feb 
July = 
De 
: 
Feb. 
MacDona Lp, W. B. Manager, Mountain States Power Co., # 
*MacDona.p, W. E. City Water Works Engineer, 21 Fourth 
MacKati, Murray R. Hyd. ., California Railroad Com- 
mission, State Building, Civic Center, San Francisco, — 
*MacKenziz, S. H. Engr. & Supt. Terryville & Southing- a 
Mackig, F. G. Engineer, orth Bay, Ont., Canada... a 
Macksey, Henry V. 68 Pleasant St., Framingham Centre, - 
Jan. 
May : 
Ap 


56 ACTIVE MEMBERS 


Bc M’Kean. Supt. Water & City Eng., Wilmington, 

Maaerstapt, Paut E. East Bay Water Co., 512 16th St., 

MAGGIOLo, Cartos M. Engineer, Director of Dept. of Sani- 
tation, Tristan Narvagas 1221, Montevideo, Uruguay. . 

*Mauuie, WinFreELD S. Chst. in Chge. Filtn. Plant, Fort 
Worth, Texas... 

MAHONEY, SAWYER. ‘City Engr., “94 Washington ‘Ave. 


’A., M.E. Cons. Engr., 112 Baker St., Daytona, 


Maseske, JosepH F. Supt. of Personnel Bureau, Dept. of 
Water Supply, Detroit, Mich.......................... 
Matcomson, ALFreD S. Appraisal Engineer, 132 Nassau St., 
*Mate, Leonarp H. State Sanitary Engineer, 122 Capitol 
Capt. C. Civil & Sanitary Engineer, 
Jersey City Water Works, Boonton, New Jersey....... 
*MANAHAN, Evmer G. Cons. Engrs., Fuller & McClintock. 
170 Broadw ay, Room 1512, New 
*MANAHAN, Patrick. Supt. Water Works, Briarcliff Manor, 


*Manovn, L. B. Chst. in Chge. of Water Purification, Kansas 


*MANSFIELD, Myron G. Div. Engr., Morris Knowles, Inc., 
507 Westinghouse Bldg. , Pittsbur 
*ManTEL, F. A. 1043 Green aw Ave., Memphis, Tenn........ 


sete: conte Constr. Engr., 38 E. Post Rd., White Plains, 
*Mar, Y. C., C.E. c/o Antonio Perez, 9 Liau Ah Au Street, 
*Mark, Coteman B. Dist. Engr. Pa. Dpt. of Hith., 603 N. 
*MARKHUS, O0.G.F. Dist. Mgr., Wallace & Tiernan Co., Inc., 
MaRNER, PauLB. Hyde Park, Y. M.C. A., 1400 E. 53rd St., 
Mars, A. D., JR. Mgr., Neptune Meter Co., 1700—15th St., 
*Mars, L. Donatp. Asst. San. Engr., U. S. P. H.S., Jeffer- 
*MarspEN, Raymonp R. Dean, Thayer School of Civil Eng., 
Marsh, Francis B. Board of Water Supply, Municipal Bldg., 
*MARSHALL, E. Civil Engineer, 266 Fulton 
Marsuatt, A. Aluminate Sales Corp., Union Stock 
Marsnatu, J. B. Chi. Engr. Tucker & Laxton, Inc., 900 


*MARSHALL, L. ’ A’ att Division Filtration Plant, Division 
Ave. & W. 32nd St., Cleveland, Ohio.................. 
*MARSTON, FRANK Auwyn. Metcalf & Eddy, 1300 Statler 


Dec. 11, 1922 
June 23, 1922 
May 22, 1928 
Feb. 28, 1923 
July 18, 1923 
Apr. 27, 1910 


Oct. 4, 1927 
Jan. 1, 1928 
Dec. 20, 1927 
Dec. 4, 1914 
June 8, 1909 
May 27, 1924 
Feb. 23, 1920 


Apr. 16, 1923 
Dec. 24, 1925 
May 3, 1923 
Jan. 30, 1928 
Sept. 13, 1926 
Dec. 16, 1926 
June 30, 1920 
Jan. 26, 1925 
May 19, 1924 
Aug. 12, 1924 
Oct. 7, 1924 
Nov. 8, 1923 
Sept. 29, 1925 
May 26, 1921 
Feb. 20, 1922 


: 
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*MarrtTIn, J. C. Ohio W's Water Works Association, 414 


Gasco Bldg., Columbus, 
R. W. 909 Bldg., San Francisco, 


*MARTINEZ, Rotanpo A. Consulting Engineer, Obispo #59, 
Supt. of Water & Light Dept., Marshfield, 
Marvin, J.B. Sect. & Gen. Mgr. Frankfort Water Works Co., 
259 ioe Jackson St., Frankfort, Ind................. 
*Marx, Pror.C. D. Civil Engineering, Stanford University, 


Massey, Georce B. Vice Pres., Randolph Perkins Co., Cons. 
Engrs., Room 1444, 33 So” Clark St.. Chicago, lll 
*MASSINK, A. Chst. & Bact., Central Laboratory of Hol- 

Mast, James BE. Civil Engr., 519 Penn St., Reading, Pa..... 
*MatTuHeEws, WILLIAM W. 4323 Oakenwald Ave. , Chicago, Ill... 
*MATTE, Husert P.T. Coml. Engr., Worthington Pump & 
*MatrerR, L.D. District Engr., 56 West Union Street, Wilkes- 


*Mattreson, Vicror ANDRE. Water Works, Architect, 1402 


Matruews, Irvinc E. Superintendent, Bureau of Water, 43 
Maucn, Turo. C. M. Supt. Pumping Stations, Indianapolis 
*Mavry, Lr. Dasney’ H. Consulting Engineer, 12 
Quincy Street, Chevy Chase, Md....................-. 
Mauzy, ANDREW B. Water Conservator, City Hall, Jersey 
Mavis, F. THropore. 304 W. University Ave., Urbana, IIl. 
*MaxwELL, Donatp H. Prin. Asst. Engr., Alvord, Burdick 
& Howson, 1417 Hartford Building, Chicago, geen 
May, Ciype R., Gen. Supt. & Engineer, Water Dept., St. 
*Mayo, W. T. Commr. of Public Utilities, P.O. Box 284, 
Mayo, Witu1amM B. c/o Ford Motor Co., Detroit, Mich...... 
Meap, Daniet W., C.E. 120 W. Gorham St., Madison, Wis.. 
*MEADOWS, James O. San. Engr., 1200 Papineau Ave., Mon- 
MEERBURG, Dr. P. A. Central Laboratories, Sterrebosch 1, 
Megs, Ericu A. Consulting Engineer, Kinney Bldg., Char- 
Mecraw, WituiaM A. 308 St. Dunstan’s Road, Homeland, 
MeineckE, H. Aktiengesellschaft, Breslau-Carlowitz, Ger- 
*MELLEN, 4 Vemiase F. Filtr. Engr., Columbia Heights Filter 
MELLON, T. "A. Pres. Kensington Water Co., 2112 Oliver Bldg., 
*MENDELSORBN, Isapor W. U. S. Public Health Service, 45 
Broadway, Room 502, New York, N. Y............<... 
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May 11, 1915 
Nov. 8, 1923 
Dec. 20, 1927 
Sept. 3, 1924 
Dec. 29, 1924 
Nov. 6, 1924 
May 7, 1917 
June 17, 1926 
Nov. 18, 1925 
July 26, 1913 
May 3, 1923 
May 19, 1923 
May 25, 1919 
Dec. 29, 1924 
Aug. 22, 1894 


Dec. 8, 1922 
Oct. 23, 1925 


Feb. 15, 1917 
Sept. 10, 1928 
June 16, 1927 
Apr, 18, 1889 
June 21, 1920 
Feb. 16, 1924 
May 23, 1923 
Apr. 24, 1921 
Sept. 17, 1924 
Mar. 24, 1915 
June 24, 1903 
Feb. 9, 1920 


WLAS 
Ge 


58 ACTIVE MEMBERS 


Fat Ti: Harry. Supt., Water & Elec. Light Plant, Hinsdale, 
*Mentz, Henry A. Cons. Engr., Lock Drawer No. 929, Ham- 
*MERCKEL, FrepertcK G. Wallace & Tiernan Co., 180 N. 
*MERRILL, GEORGE Fietp, C.E. Supt. Water Works, Ware, 


Merriman, Tuappevus. Chf. Engr. Board of Water Supply, 
2224 Municipal Bldg., New York, N. Y................ 
*Messer, Ricuarp. San. Engr., State Dept. of Health, 615 
State Office Building, Richmond, Va.................. 
Metcautre, JAMES ViIvIAN. Borough Water Engineer, Old 
Court House, Durban, South Africa................... 
*Meyrer, H.R. J. 4551 Alice Avenue, St. Louis, Mo........ 
Meyerverm, Caartes F. Albert F. Ganz, Inc., 511 Fifth 
Meyers, A. H. Supt., Water Co., Columbia, Pa............. 
Meyers, Duptey C. Comr. Public Works & Supt. Water 
Dept., Municipal Bldg., Oak Park, Ill................. 
Mocmage, M. Superintendent of Water Wks., Mebane, 
MicuagEts, A. P. Gen. Mgr., Orlando Utilities Comn., Or- 
*Micuavu, R. Chief Engineer, Water Works, French Conces- 
sion, c/o French Tramways Co. 227 Avenue Dubail, 
Micuiz, JoHn C., C.E. Supt., Water Works Dept., Dur- 
*MIcKEL, CLARENCE W. Chemist, Muscle Shoals, Ala........ 
Mites, H. B. 712 Washington St., Utica, N. Y.............. 
MILHOLLAND, H. Cuarues. Asst. Engr. Am. W. W. & E. Co., 
ArtTHuR P. Associate Sanitary Engineer, ‘‘C’’ 
Bldg., 16 Seventh St., S.W., Washington, D. C......... 
MILLER, 73 Vermont St., Rochester, N. Y...... 
Miuier, Currrorp N. Hyd. Engr., 2807 Union Central Bldg., 
Miuuer, E.C. Asst. Engr., Penn. Dept. of Health, 5419 Ger- 
mantown Ave., Philadelphia, Pa....................... 
Mituer, Epwin E. 1017 Edgewood Lane, Palisade, N. J.... 
*Mruier, H.E. Director Bur. San. Eng., State Bd. of Hith., 
Miuter, H. I. Vice-Pres., Pacific Water Works Supply Co., 
Atlantic St. Terminal, Pier ‘‘A,’’ Seattle, Wash........ 
MitaE, J. A. Supt. Water Works, 10 West 3rd St., Alton, 
*MiLter, Maurice L. Hydraulic & Sanitary Engineer, P. O. 
*MitueR, WarREN C. City Engr., City Hall, St. Thomas, 
*Mitng, ALEXANDER. Supt. Water Works, St. Catharines, 
*Minor, Epwarp Eastman. Gen. Mgr. New Haven Water 
*Mrnor, L. O. Sunt.. Water Works, Plattsmouth, Nebr.... 
Mitcuett, J. J. 450 W. Grand St., Elizabeth, N. J.......... 
*Mitcue it, Lewis. City Waterworks Engineer, Town Hall, 


May 
Oct. 
Jan. 
Apr. 
May 


24, 1927 
7, 1919 
29, 1921 
16, 1920 
29, 1920 


Sept. 27, 1911 


May 
Jan. 


Jan. 


11, 1928 
19, 1925 


26. 1922 


June 14, 1903 


Apr. 


Aug. 


Aug. 


9, 1925 
28, 1926 
15, 1924 


. 25, 1920 
. 10, 1926 


13, 1915 
9, 1928 


. 11, 1914 


23, 1921 


. 17, 1928 


8, 1909 


. 15, 1926 
. 28, 1923 


24, 1903 


20, 1912 
8, 1922 
21, 1920 


1924 


|_| 

Mar. 3, 1927 
: June 24, 1903 
Aug. 8, 1922 
June 30, 1924 
4 Apr. 20, 1923 
Sep 

Apr 

May 
; July 

Mor 
May 
: Jan 
May 
Feb 

June 
May 

July 

Oct. 
Novi” 
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Mrixson, J. P. Superintendent Water Works, Palmetto, Fla... 
*Moat, CuHarLesP. Chemist, Vermont State Board of Health, 
2 Colchester Ave., Burlington, Vt............ 
*Mosera, A. R. 4044 Lyndale Ave., So., Minneapolis, Minn. 
*MouLMAN, Fioyp W. Chf. Chst., Sa . Dst. of Chicago, 1014 
South Michigan Ave., Chicago, Ill................+.... 
*Monr, Jack. Superintendent Water Dept., 549} So. Rugby 
Ave., Huntington Park, 
Morr, Donatp. Cia Aguas Corrientes, Calle Salta 1461, 
*Mouis, Wm. Supt. Water Works, Muscatine, Iowa........... 
*Monrort, WILSON F. 215 Wall Bldg., Olive at Vandeventer, 
Monroz, H. L. Supt. Water Works, Pontiac, Mich....... 
Montapong, A. J. F. Imperial Theater Bldg., Room 2, 
*MontTank, Irwin A. Water Bacteriologist & Chemist, 500 
Delaware St., S.E., Apt. 207, Minneapolis, Minn....... 
*Monraomery, JaMES M. Mgr., Municipal Water Works, City 
MonTovu.iev, Henry J.,C.E. Calle B, No. 70, Entre 21 y 23, 
Moors, E. 311 Avenham Ave., Roanoke, Va....... 
Moore, Herpert. Messrs. Pearse, Greeley & Han- 
sen, 6 No. Michigan Ave., Chicago, Ill................. 
George S. Superintendent Water & Light, Albe- 
*Moore, J. W. Cons. Engr., 836 Ind. Pythian Bldg., In- 
Moorg, R. M. Secty. & Mgr., Peoples Water Co., of Palms, 
Calif., 1018 Trust & Savings Bldg., Los Angeles, Calif. . 
*Moorse, Russett B. Consulting Engineer, 930 K. of P. 
Bldg., Mass. and Penn. Sts., Indianapolis, Ind......... 
*MorenovusE, Watuace W. Director, Dept. of Water, Room 
308, U. B. Annex, Dayton, Ohio... 
Davin, Jr. San. Engr., 517 Praetorian Bldg., Dallas, 
*MorgaNn, Frank Lesuie. ‘‘Ribbesford,’’ Styvechale Ave., 
Moraan, Henry B. Grand View Drive, Peoria, Ill.......... 
Mortan, WitBertT. 58 8. Cottage St., Valley Stream, N. Y. 
*MorriLL, Artour B. Asst. Engr. of Filtration, Dept. of 
Water Supply, 8100 W. Warren Ave., Detroit, Mich.. .. 
Morris, CHartes H. Supervisor of Water Works, New 
*Morris, Epwarp. Vice President & Manager, Willets Water 
*Morris, Frep R. Sect., Appleton Water Commission, City 
*Morris, Simuet Brooks. Chf. Engr., Water Dept., 319 
City Hall, Civic Center, Pasadena, Calif............... 
Morrow, Ben. 8S. Engineer, Water Bureau, 211 City Hall, 
Morsg, HowarpScorr. Gen. Mgr., Indianapolis Water Com- 
pany, 113 Monument Circle, Indianapolis, Ind......... 
eee ag B. Chf. Engr., Wash. Sub. San. Dist., Hyatts- 
Mosetey, Autex W., M.E. Sloan Valve Co., 4300 W. Lake St., 
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Dec. 22, 1926 


Jan. 29, 1915 
Dec. 7, 1926 


Oct. 22, 1921 
June 5, 1926 


June 25, 1924 
Mar. 15, 1882 


July 10, 1906 
July 10, 1919 


Nov. 9, 1922 
Jan. 24, 1928 
June 6, 1927 


Nov. 17, 1911 
Oct. 5, 1923 


July 9, 1928 
Apr. 23, 1924 
Feb. 9, 1925 
June 30, 1920 
Feb, 3, 1928 
Jan. 16, 1923 
May 21, 1923 
June 30, 1926 
Apr. 24, 1910 
May 24, 1922 
Oct. 21, 1925 
June 7, 1916 
May 28, 1926 
Jan. 21, 1927 
June 10, 1920 
Apr. 13, 1926 
Sept. 18, 1925 
Mar. 11, 1915 
Oct. 11, 1923 


2 
: 
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*Moses, Howarp E. Asst. Chf. Engr., Pa. Dept. of Health, 
Movtiet, Lovis F. Assistant Office Engineer, East Bay 
Water Company, 2212 Blake St., Berkeley, Calif....... 
*Mowrey, J. Hasg. Manager of Public Utilities, 202 So. 
Second St., Chambersburg, 
rte wig Rexrorp. 414 Arroyo Drive, So. Pasadena, 
*Mvueaag, O. J. 109 West Johnson Street, Madison, Wis. . 
MUELLER, CarL. Asst. Engr. Bureau of Water, 147 Pomona 
MULLERGREN, Arruur L. Cons. Engr., 770 Board of Trade 
*MutuiGan, D.G. Mountain States Inspect. Bur., P. O. Box 
bot C.E. Town Engineer, Northeast Har- 


Munn, Harvey T. Hyd. Engr., Natl. Board of Fire Under- 
writers, 222 W. Adams St., Suite 953, Chicago, Ill..... 
MUNROE, Waxrer C. Savings Bank Bldg., Annapolis, Md... 
*Mourpnry, A.R.,C.E. Fountain City, Tenn................ 
*Murpuy, Linpon J. Engineering Extension Dept., Iowa 
*Morray, R. M. Hydraulic & Structural Engr., 1002-A Por- 
Mourrin, JoHn A. Supt. Water Works, City Hall, Rock 


*Muser, E. PRED. Supt. Clear Springs Water Co., P. O. 


“Musser, H. P. Kanawha National Bank Bldg., Charleston, 
*Mrers, Rosert Harrison. Pub. Util. Mgr., Stratford, Ont. 
Myers, Warren G. Sales Engineer, 133 Brevard Court, 

MyRTUE, Joun J. Water Works Trustee, 615 S. 7th St., Coun- 


Saleh. T.G. City Chemist, 1024 8th St., Port Huron, 


B., C.E. 950° Ave., Highbridge, 


*NELSON, GEORGE I. Wallace & Tiernan sa 605 Star at 
NeEvILLE, Wiuutam J. 1524 Candler Bldg., Atlanta, Ga.. 
J.B  Secty.-Treas. Clearfield Water Co., Clear- 
NEWCOMB, 'y. p. Secretary, City Water Board, San Antonio, 


. 27, 1922 


28, 1926 
20, 1925 


27, 1924 
20, 1925 


. 25, 1923 
. 21, 1919 
. 26, 1928 


7, 1924 


. 11, 1914 


9, 1920 


. 30, 1924 


7, 1911 


. 10, 1927 
. 11, 1922 


5, 1916 


. 22, 1920 


. 31, 1922 
. 10, 1921 


. 18, 1927 
. 27, 1924 


3, 1923 


. 11, 1921 
24, 1926 


18, 1907 
6, 1927 


21, 1923 
81, 1923 


. 16, 1914 
. 30, 1926 


July 
Mey 
May 

Ap 

Ma 

jan. 
N. J Mo 
Jan 

Apr. 
Jan 

June 
De 
Feb 

Oct 
: Co., 813 Wheeler Ave., Scranton, Pa................... Oct 

July 

Aug 

Oct 
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*NEWCOMER, FRANK. Senior Engineer, with Harry 0. Gar- 
Engr., 27 Woodland Drive, Indianapo- 
NewELL, Supt. Water Works, Provo Utah.... 


Newkirk, 8. F., Jr. Elizabethtown Water Co., Consol., 64 
*“NewLanps, JAMES A. San. Engr., 11 Laurel St., Hartford, 
Newsom, Reeves J. Vice Pres., Community Water Supply 
Co., 46 Cedar St., New York, N. Y..................4- 


Nicnots, E.M., C.E. 27N. 38thSt., Philadelphia, Pa....... 
NicHouson, Ropert H. Consulting Engr., 1127 East 61st St., 
NresLey, W. M. Asst. to Sect. A. W. W. A., 29 West 39th 
*NimMo, JoHNP. Supt. Water Department, 617 N. Rodney St., 
oo Satoru. 369 Nishiokubo, Suburb of Tokyo, 
Noack, Artuur. Consulting Municipal Engineer, 236 Main 
*NosBLeE, Raupu E. Senior Bacteriologist, 1739 E. 67th St., 
Aucust G. Sanitary Engineer, 4204a Kossuth Ave., 
*Norcom, GeorGe D. Federal Water Service Corp., 27 Wil- 
NORDMANN, CLARENCE F. 25 River St., Mamaroneck, N. Y. 
NORMAN, Eart E. Supt. Dept. of Pub. Utilities, City Hall, 
*Norris, JoHN ALEXANDER. Chairman State Bd. of Water 
Engrs., Capitol Sta., Austin, Tex..................... 
*Norris, M. Atvin. Chemist, Orlando Utilities Comm., Or- 
*Norton, JoHN F. Dept. of Health Laboratories, Herman 
Kiefer Hospitel, Detroit, Mich... ..... 
NUEBLING, Epwarp. Asst. Engr., Dept. of Water Supply 
Gas & Elec., 1 Northern Avenue, New York, N. Y..... 
*NvEBLING, Emit L. Cons. Engr., 519 Penn St., Reading, Pa. 
*Nurt, J. A. Supt. Water Works, Monongahela, Pa........ 


OBERHOLTZER, D.A. Supt. Water Dept., 183 W. Garvey Ave., 
*O’Connor, Puiturp J. Supt. Filtration, 540 Kenilworth 
Opiet, J. E. Supt. Water Department, Ronan, Montana.... 
*On.IcER, L.B. Supt. Water Works, Canton, Ohio........ 
O’Leary, Joun E. Pittsburgh-Des Moines Steel Co., 50 
OumsTEAD, Supt., The Monterey Co. Water Works, 
C, Cons. Engineer, Box 1114, Raleigh, 


I 
Oae. A. T. Supt. Water Works, Washington C. H., 
O’Nert, Perry. Contr. Engr., Municipal Engineering Co., 
1107 Athletic Club Bldg., Dallas, Tex.................. 


Dec. 
July 


Oct. 
Oct. 


Nov. 
June 


May 
Apr. 
July 


Sept. 


May 
Mar. 
Dec. 


June 
Feb. 


Sept. 


June 
Feb. 
May 
Mar. 
May 
May 
May 
Feb. 
June 
Nov. 
July 
Apr. 
Dec. 
Apr. 
Apr. 
Mar. 
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15, 1925 
23, 1928 


18, 1927 
14, 1914 


18, 1918 
16, 1919 


17, 1927 
30, 1924 
13, 1927 
16, 1914 
5, 1928 
22, 1927 
30, 1916 


10, 
7, 1927 


11, 1924 
16, 1919 
10, 1927 
25, 1926 
31, 1925 
29, 1895 
17, 1916 
17, 1927 
11, 1922 
8, 1925 
12, 1919 
27, 1926 
16, 1916 
12, 1921 
10, 1926 
29, 1924 
20, 1922 


° 
|_| 
| 
| 
*OLtson, W.M. Sanitary Engineer, 7378. Lincoln St., Chicago, 
‘ 
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*O’NEILL, Joun H. Louisiana State Bd. of Health, New 


*Orr, ALEXANDER, C.E. Chief Engineer, Gloversville Water 
*“Orr,C. A. Mer., City Wtr. & Lt. Co., Mayfield, Ky...... F 
*Orton, James W. Engineering Office, Waterworks Park, 
Orvum, W. J., Vice-Pres. Commissioners of Water Works, City 
*OsporNE, James Q. Dist. Mgr., De Laval Steam Turbine 
Co., 1306 Smith Bldg., Seattle, Wash. ................ 
O’SuHavuaunessy, M.M. City Engineer, 2732 Vallejo St., San 
Ovutzen, ANprREW N. Field Engr., Detroit City Gas Co., 
*OversTREET, RaupH M. Supt., Henderson Water Works, 932 
N. Main Henderson, Ky. i... 
*Owens, Roserts B., B.A., B.E. Government Bdgs., Ed- 
Owinos, L. Asst. Engr. Washington Suburban San. 
Dist. Riverdale, 


Pain, Herspert. Managing Dir., Phillips & Pain, Water 
Sftg., 1 Rue Taitbout, Paris, France................... 
PaINnTER, ELLICOTT. V.P. & Cons. Engr., Water Works 
Equipment Co., Salt Lake City, Utah................. 
Parirovi, ANTONIO, C.E. Rivadavia 13353, Ramos Mejia-F 
Patmer, MarsHatt B. Engr. Bureau of Water, Syracuse, 


range Sts., Jacksonville, 

sina A. Supt. & Manager Water Dept., Compton, 
Parsons, CuarLes W. Republic Flow Meters Co., 2240 Di- 
versey Parkway, Chicago, 
*Parsons, L. C. Supt. Municipal Water & Lt. System, Box 
*ParTRIDGE, E. M. Chf. Chemist, Paige & Jones Chemical 


Pate, R. L. Manager City Water Co., Springfield, Mo....... 
*PareRSON, WiLL1aAM. Windsor House, Kingsway, London, 


Apr. 


27, 1925 


. 16, 1917 


30, 1925 


. 12, 1928 


7, 1909 
8, 1921 


6, 1926 
9, 1928 


. 17, 1928 


18, 1907 
1, 1923 
6, 1927 


. 27, 1914 


4, 1923 


. 27, 1925 
. 25, 1924 


27, 1919 


24, 1922 
6, 1926 


18, 1926 
13, 1928 
. 81, 1925 
. 23, 1924 


16, 1920 
23, 1923 
2, 1923 
30, 1926 


. 20, 1925 


12, 1925 
29, 1915 


6, 1924 


= *OrcHarD, WILLIAM J. Sanitary Engineer, P. O. Box 178, 
= *O’Reitiy, A. R. 1337 Good Street, Reading, Penna........ May [x 
x OrnsTEIN, Dr. GeorG. Alexandrinen Str. 48, Berlin 8. 14, 
Jan 
Aug. 
July 
Jan 
Aug. 
Jan. 
Jan. 
Mar 
Mar 
lly 
4 N. May 
*PaLMER, RayS. Water Works Superintendent, Le Roy, N. Y.. Mar. 
Pater, Russett R. Editor, “Western Waterworks,’’ 819 
Santee St., Los Angeles, Calif.......................... Sep 
Parker, E, F.C. Comptroller, Federal Water Service Corp., 
*ParKeR, Francis L. Ph.D., M.D., Parker Laboratory, 40 
Broad St., Charleston, S. C..:........................ Jam 
*Parker, G.H. Mgr., Kentucky Actuarial Bureau, 303 Speed 
*ParKkerR, Horatio Newton. City Bact. & Chst., Main & 
June 
July 
Apr. 
July 
*Passott, A. A. Supt., Newnan Water & Light Commission, 
Nov. 


AMERICAN WATER WORKS ASSOCIATION 


*Patitz, G. J. 701 Washington St., New York, N. Y........ 
*PaTTERSON, Ricnarp L. City Engr., and Supt. of Water 

Dept., Newport Beach, Calif... 
Naleaas Nn, T. C. Superintendent Water Works, Mt. Holly, 


Paut, Marceu. President, Societe Anonyme des Hauts- 
Fourneaux & Fonderies de Pont-a-Mousson 9-13 Rue St. 
*PauULETTE, G. W. 4929 Walrond St., Kansas City, Mo..... . 
PauLeTTE, R.J. City Engineer, City Bldg., Salina, Kansas... 
Peapopy, J. R., M.D. 456 Francis Bldg., Louisville, Ky.... 
“Pearse, Lancpon. San. Engr., The Sanitary Dist. of Chi- 
cago, S. O. Bldg., 910 S. Michigan Ave., Chicago, IIl.. 
*PeaRSON, CHARLES DEARNE. Engr. & Mgr., Wtr. Wks., 
Kiangse Rd., Shanghai, China....................-..-. 
Peart, JoHN. Water Supply Engineer, Metropolitan W. S. 
& S. Board, Brisbane, Queensland..................... 
*PrasE, HerBeRT D. 39 W. 38th St., New York, N.Y....... 
Peck, Ermon M. Cons. Engr., 260 Edgewood St., Hartford, 


Peck, Lawrence J. District Engineer, 91 Prospect Street, 
*Peperson, H. V. Superintendent Water Works, Municipal 
Bldg., Marshalltown, 
*PrercE, WALTerR A. Manager, Racine Water Dept., 2217 
Perrson, A. G. Supt., Water Power & Light Commission, 
“Pexven, L. E. Supt. Construction & Pub. Utilities, Pinehurst 


PERKINS, C.E. Supt. of Waterworks, Bartlesville Water Co., 
*PeRKINS, Dr. R. G. Dept. of Hygiene, W. R. U. School of 
Medicine, 2109 Adelbert Road, Cleveland, Ohio........ 
Prt a W. Supt., Water Works, Box 647, Greenville, 


Perry, J. Ropertr. Accountant, Municipal Water Dept., 
Walnut Ave., & 6th St., Niagara Falls, N. Y........... 
Perry, V. E. Manager, Water Sales Dept., ee Valley 
Water Co., 425 Mason St., San Francisco, Calif........ 
*Perry, WiLt1AM. Hydraulic Engr., Maplewood Ave., Cote 
des Neiges, Montreal, Quebec. 
Peters, H. D. Assistant Engineer, State Board of Health, 
*Peters, J.S. Chf. Engr., Marin Municipal Water Dist., San 
Petersen,C.O. Water Superintendent, City Hall, Brighton, 
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Oct. 24, 1923 
Sept. 21, 1928 
Dec. 8, 1923 


June 7, 1904 
May 7, 1917 


Feb. 24, 1913 
Mar. 16, 1922 


Sept. 12, 1910 
Feb. 6, 1924 


July 18, 1907 
May 17, 1927 
Mar. 26, 1922 
June 15, 1922 
Feb. 28, 1923 
_ Apr. 23, 1924 
Feb. 16, 1924 
May 29, 1926 
Feb. 14, 1928 
June 3, 1921 
Apr. 25, 1922 
June 20, 1924 
Apr. 16, 1928 
June 26, 1886 
June 1, 1928 
Jan. 6, 1927 
Mar, 27, 1926 


*Parton, W.A. Pres. & Mgr. Water Co., Catlettsburg, Ky... 
Patron, W.S. Mgr. Ashland Water Works, Ashland, Ky..... io 
Paut, Frank Dwicut. Superintendent of Distribution, 
Akron City Water Works, 235 Crescent Drive, Akron, o 

Feb. 18, 1927 a 

Feb. 18, 1927 8 

Feb. 17, 1927 

Dec. 29, 1924 

Pequeanat, Marcet, B.A.Se. Supt. Kitchener Water Comm. 
PERHAB, JOHN Superintendent Water Dept., P. O. Box ee 
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Pererson, Leonarp. Supt. Water Works, Power & Light 
*Pyarsou, Harry W. Supt. Citizens Water Co., 207 Spruce 
*Puetps, Earte B. Prof. Sanitary Science, Columbia Univer- 
sity, 437 West 59th St., New York, N. Y............... 
Puitups, Asa E. Box 234, Ogunquit, Maine................ 
PuiILups, CHARLES J. Water Supt. & City Engr., City Hall, 
*Puiturps, Leo A. Chf. Engr., Federal Water Service Corp., 


Pratt, M. Cons. Engr., Durham, N.C............. 
Pierce, THomas D. Appraisal & Rate Engineer, 324 No. 


*Pitcrim, Henry E. A. Supt., Water Works, 160 College St., 
“Fevcys, ht San. Engr., 309 West 109th St., New York, 


*Pippin, R. E. Water Supt., Zebulon, N.C.................. 
*Pirnnigz, Matcotm. Consulting Engineer, 25 W. 43rd St., 
*Prrcuer, F.H. G. Mgr. & Ch. Engr., Montreal W. & P. Co., 
Place D’Armes Square, Montreal, Canada........... 
*PLAMONDON, ADRIEN, C.E. Engineer & Contractor, 70 St. 
James St., Montreal, 
Priocu, C. E. Supt., Mt. Vernon Water Works Co., 127 Main 
PLUMMER, Wave. Asst. Supt., Butte Water Co., Butte, Mont. 
*Por, F. 875—16th St., Boulder, Colo............. 
R.A. Pres., Warrior Water Co., American-Traders 
*PoLK, Westey W. Supt., Water Department, Sheridan Rd. & 
lhe ho A. Supt. Van Gilder Water Meter Co., 518 


lehee: ~ P. Supt. Water Works, 1305 E. 4th St., Pueblo, 


Porter, Joun Lewis. Director, Water Purification Sta- 
tions, 2142 Eagle Street, New Orleans, La............ 
Porter, 8. J. 345 Vermont St., San Francisco, Calif........ 
*Porzetius, A. F. Supt. City Water Co., Chattanooga, Tenn. 
*PoTteR, ALEXANDER. Consulting Engineer, 50 Church St., 
*Potter, Howarp P. Cons. Civil & Sanitary Engineer, 36 
North Side Square, Jacksonville, Ill................... 
*Potts, Crypr. Civil & Sanitary Engr., 30 Church St., 
PowELL, ALEXANDER C. 136Grant Street, Bangor, Me...... 
*PowELL, SHepparD T. Chemical Engineer, 4103 Hawthorne 
Ave., Forest Park, Baltimore, Md...................+- 
*Pracy, Gro. Westey. Supt. Spring Valley Water Co., 425 
Mason St., San Francisco, 
*Pratt, ArtHuR H. Chf. Engr., North Jersey Dist. Wtr. 
Supply Comn. 20 Clinton Street, Newark, N. J........ 
Pratt, CHarites J. Supt. Water Department, City Hall, 


10, 1911 
8, 1927 


. 19, 1914 
. 9, 1922 


13, 1927 


17, 1926 


. 5, 1921 
16, 1924 


12, 1925 
1, 1927 


. 17, 1920 


1, 1923 


. 10, 1928 


8, 1917 
27, 1905 
22, 1916 


. 27, 1925 
. 15, 1925 
. 24, 1926 


25, 1926 


. 10, 1926 


28, 1924 


. 22, 1916 


12, 1925 


. 27, 1925 


7, 1920 
18, 1907 


. 19, 1928 


10, 1906 


. 12, 1910 


10, 1906 
18, 1915 


4, 1923 
22, 1924 


| June 
Dec. 
Oct 
No 
Sept 
Jue 
Au 
Feb 
May 
June 
PINNELL, Dr. W. R. City Bacteriologist, Lexington, Ky.... June [Ry 
Sept 
May 
June 
May 
Jan 
Dec 
Sep 
May 
Mar 
May 
Sept 
May 
Chim: 
July 
July 
Va 
July 
Mar 
| 
May 
Oct 
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*Pratt, Gitpert H. P. O. Box 178, Newark, N. J........... 
*Pratt, Roger W. Wallace & Tiernan Co., Inc., 223 E. 9th 
*Pray, JoanW. Supt. Water Works, Ft. Dodge, Ia.......... 
Prentice, E. R. Secretary, Marin Municipal Water Dist., 
468—4th St., San Rafael, 
*Prince, NorMAN F. Chemist & Engineer, Rochester Gas & 
PRINDLE, GEoRGE B. c/o Pearse, Greeley & Hansen, 
6 North Michigan Ave., Chicago, Ill.................. 
alent Ui Supt. of Water & Light Dept., Thomas- 
Prinete, J. T. Supt. Stamford Water Works, Stamford 
Township, South end, Ont., Canada.................. 
*Prinz, Rospert B. Asst. Engr., Dept. of Water, Room 308, 
Prior, J. Murray. Board of Water Supply, Room 710, 100 
*Prior, JoHN C. Prof. of Sanitary Engineering, Brown Hall, 
Ohio State Univ., Columbus, Ohio..................... 
*PritcHaRD, JoHN C. Director of Public Utilities, 312 City 
Prosst, RuDOLPH. Superintendent Butte Water Co., Butte, 


Proctor, Epwarp M. Cons. Engr., 177 Inglewood Drive, 


*Provost, ANDREW J., JR. San. Expert & Hyd. Eng., 39-41 
West 38th St., New York City. . 
Pruett, G. C., C.E. Virginia, 
*Pruau, J. I. Supt. Division of Water, City Hall, Sacra- 
Puan, MarsHALt R., C.E. 230 Poplar Ave., Wayne, Pa...... 
Purcett, HucH G. Manager, Hugh G. Purcell 304 


Colman Bldg., Seattle, 
PurKYNE, Dr. EMANUEL. Officer State Board of Health, Statni 
Zdravotni Ustav CSR., Prague XII, Czechoslovakia... 
PutnaM, Espen F. Pres., Greenwich Water Co., 253 Green- 
wich Ave., Greenwich, 
*PutnaM, GeorGe W. 7110 Oriole Ave., Chicago, Ill........ 


QuayLe, LeRoy A. Chf. Mech. Engr., Utilities Dept., 1440 
*QuiaLtey, Lewis A. Supt., City Water Works, 2626 Travis, 
Biss oS Frep. Comnr. Public Works, Bx. 684, Roundup, 


*Raas, Frank. Chst. & Bact. Fridley Filtration Plant, Min- 
*Race, JosepH. Devonshire Hospital, Buxton, England..... 
*RapcuiFFe, JoHN-L. Supt. Filtn., 535 Trotter Lane, Eliza- 
Raver, R. P. Sup., Lehigh Water Co., Easton, Pa............ 
*RaINEY, CLARENCE M. Water Superintendent, 735 W. Bon- 
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June 5, 1916 


Feb. 13, 1924 
June 24, 1913 


June 29, 1928 
Mar. 26, 1927 
Mar. 25, 1924 
Sept. 27, 1924 
Apr. 28, 1925 
Sept. 7, 1927 
Apr. 10, 1924 
Oct. 13, 1926 
Feb. 8, 1926 
Dee. 15, 1925 
May _ 5, 1921 
Oct. 27, 1922 


May 12, 1908 
Feb. 2, 1914 


Nov. 8, 1923 
Apr. 8, 1905 


Jan. 30, 1928 
July 19, 1928 


Dec. 8, 1927 
June 15, 1922 


Feb. 24, 1925 
June 6, 1927 
Feb. 7, 1922 
Oct. 26, 1921 
May 18, 1914 


Feb. 19, 1920 
May 12, 1908 


Nov. 15, 1927 


|_| 
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Ramey,H.P. Asst. Chf. Engr., Sanitary District of Chicago, 
910 So. Michigan Ave., Chicago, Ill..................6. 
RANDLETT, FreEp Morse. Robert W. Hunt Co., 251 Kearny 
Bup A. City Health Houston, Tex.. 
*Rascu, Henry B., Jr. 4510 Woodlawn Ave., Chicago, Ill. . 


*Raymonp, GreorGce B. Supt. Water Dept., Danbury, Conn. 
*Reper, Harry C. Pres., Angelica Water & Ice Co., 1907 
Perkiomen Ave., Reading, 
*Reprern, W. Biarne. Sec. Treas. James, Proctor & Redfern, 
Cons. Engs., 115 High Park Ave., Toronto, Ont....... 
Rezep, D. A. gr. Water and Light Dept., Duluth, Minn..... 
*ReeperR, ARTHUR L. Mahoning Valley San. Dist., 901-906 
City Bank Bldg., Youngstown, Ohio................... 
*Reeves, O. Lez. Supt., Water Works Co., 26 South Jack- 


*REINHARD, GEORGE C. Chemist, Feedwaters, Inc., 26 Cort- 
*Rernnarpt, Harry. Asst. Chf. Engr., East Bay Water Co., 
*ReinkKE, Epwarp A. 102C. E. Bldg., Berkeley, California. . 
ReIsweEBER, ALEx.G. Asst. Engr., Western New York Water 
Retpex,O.8. Superintendent Water Works, San Jose, Calif. .. 
ee Gustav J., C.E. 18 E. Lexington St., Baltimore, 
*Rerer, Grorce. Supt. Water Works, Nashville, Tenn..... 
ReyYnotps, Epwin G., Jr., C.E. New Rochelle Water Co., 
614 Main St., New Rochelle, N. Y.................... 
ReyNnotps, James H. Supt., Water Works, Lowell, Mass. 
Reynoups, Myron B. Asst., City Engineer, 402 City Hall, 
*Reynotps, Orro 8. Water Works Engineer, 918 Armour 
*ReyNotps, W. Supt., West Palm Beach Water Co., 
Drawer B-25, West! Beach, Pia... 
bas L. Supt., W. Va. Water Service Co., Bluefield, 


*RICHARDSON, H. 


H. 3219 West 62nd Place, Chicago, IIl.... 


June 6, 1927 
June 16, 1920 
Mar. 13, 1925 
Nov. 29, 1926 
May 24, 1922 
Apr. 13, 1922 
Aug. 28, 1926 
June 16, 1919 
Aug. 20, 1924 


Nov. 12, 1919 
Sept. 20, 1913 


Nov. 30, 1926 


May 24, 1922 
May 24, 1922 


Mar. 17, 1925 
Feb. 24, 1928 


Apr. 12, 1921 
Nov. 8, 1923 


Jan. 20, 1921 
Oct. 27, 1925 


May 17, 1923 
Apr. 16, 1884 


Feb. 26, 1921 
May 28, 1924 


Apr. 10, 1926 
Aug. 5, 1927 
Nov. 15, 1926 


May 25, 1926 
Oct. 22, 1924 
Jan. 17, 1922 
May 14, 1912 
July 7, 1920 
Oct. 5, 1924 
June 8, 1921 
Nov. 15, 1926 


July 7, 1920 
Aug. 23, 1920 


*Rassipr, CHRISTIANC. Supt., Water Works, 330 W. Coal St., 
: *Ratusun, W. 8S. Natl. Bd. of Fire Underwriters, 222 W. 
> Adams St., Room 953, Chicago, Ill..................... 
ie *Ray, Cuas.E., Jr. Asst. Engr., Dept. of Conservation & De- 
Water Resources Division, Chapel Hill, 
*Rem, Watter. Supt., Water Works, Springfield; Ill....... 
Reitty, THomas WILLIAM. Supt., Pequannock Watershed, 
Ruopss, C. [. 820 Colusa Ave., Berkeley, Calif............. 
Rayng, C. E. Supt. Water Works, Gastonia, N. C......... 
3 Ruynvs, C. P. 122 East Par Ave., Orlando, Fla............ 
Rice, Cuirron L. Box A 45,, West Palm Beach, Fla... 
*Ricz, Cyrus Wm. 617 Highland Bldg., Pittsburgh, Pa.... 
*Rice, JoanM. Cons. Engr., 411 Oliver Bldg., Pittsburgh, Pa. 
: *Rice, P.D. Sweetwater, Water Corp., National City, Calif.. 
Ricuarpson, CHartes G. Sales c/o Builders Iron 
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*RIcKARD, GROVER E. Chemist & Supt. of Filtration, 1909 

Warwood Ave., Wheeling, W. Va.................00005 June 5, 1926 
*RipER, JANEH. Dcetr. Ariz. State Laboratory, Tucson, Ariz. Aug. 23, 1920 
*RIDLEY, CLARENCE EUGENE. 261 Broadway, New York, N.Y. Dec. 5, 1918 


May 28, 1924 
GeorGE A. Supt. Shinnston Water Board, Shinn- 

Rivey, Cuas.R. Asst. ‘“ Norwich Water Works, 7 North- 

*Rinaness, Henry. Supt. of Accts., Peoria Water Works Co., 

105.N; Monroe St., Peoria, ore Sept. 8, 1919 
*RistingE, G. W., Jr. Secy. & Treas., Shankland, Ristine 

& Co., 410 Boston Bl g., Denver, Colo......... i Edote May 12, 1925 
RitcHiz, Epcar Gowar. Engineer of Water Supply, Met- 

ropolitan Board of Works, Melbourne, Australia....... Sept. 6, 1912 
*Roaps, GrorGce M., Jr. Supt., Panther Valley Water Co., 


Rossins, W. D. City Mgr., City Hall, Niagara Falls, N. Y. Feb. 23, 1926 
Roserts, ALFRED M. V. P. & Mgr., Wanakoh Water Co., 259 


Roserts, EaruI. 1601 Second National Bank Bldg., Toledo, 
Roserts, Joun §., Jk. Borough Engr., Bristol, Pa........ June 19, 1920 
*Rosperts, WiLuL1AM J. Cons. Engr., 616 Puget Sound Bank 
*RoBERTSON, GEORGE Cook. Sanitary Engineer, 760 Avenida 
de Mayo, Buenos Aires, Argentina..................... Jan. 6, 1928 
*ROBERTSON, Joun T. Engr., Consolidated Water Co., 712 
Washington St., Utica, Mar. 26, 1927 
Rosinson, Detpert W. General Foreman, Water Co., Box 
Rosinson, J. W. Genl. Mgr., Pico County Water District, 
Rosinson, Leonarp C. Supt. Water and Sewer Dept., 2 
Rosinson, WiLu1AM P. 1700 East 3rd Ave., Denver, Colo... June 8, 1897 
RoBLEs, Gonzato. Gerente, Torreon Water Works, Rodri- 
guez Sur 10, Torreon, Coah, June 6, 1927 
*RocKWELL, WILLARD F. Consulting Engineer, 400 No. 
Lexington Ave., Pittsburgh, Pa........................ Feb. 14, 1928 
*Roren, O. S. City Manager, South Pasadena, Calif......... Oct. 18, 1923 
*Rogers, M. W. Engineer, Public Utility Commission, Box : 
413, Carleton Place, Ont., Canada..................... Mar. 16, 1927 
*Rocers, T. M. Supt., City Water & Light Plant, Easley, 
Roursacu, Wm. R. Mgr. Sunbury Water Co., Sunbury, Pa. July 10, 1906 
Romic, C. O. Secty. and Supt. Water Supply Co., Den- 
*Roos, M. Secty. and Supt. Cairo Water Co., Cairo, 


RosENTHAL, 2411S. Harwood Street, Dallas, Tex... June 3, 1918 
RosEnTRETER, HerMAN. Engr. of Water Supply, City Hall, 
*RosKELLEY, C. O. Civil Engineer, Brigham City, Utah.... Feb. 20, 1924 | 
RossMan, JoHND. 15800 Halsted Street, Harvey, Ill......... June 6, 1927 


j 
RIEBEL, THOMAS 8. Supt. Queen Lane Filters, 942 Price 
*RoperR, Roswett M. Engr., Bd. of Water Comnrs., East 
: 
= 
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mre, James W. Bureau of Municipal Research, Athletic 


lub Building, St. Paul, Minn. ............... ....... June 4, 


332 St. Clair Ave., E., Toronto, Ont................... Mar. 18, 
Rowe, E.A. 543 Petroleum Securities Bldg., 714 W. 10th St., 


*Rowez, E. J. Supt. Water & Light Dept., Wellsville, N. Y.... June 3, 


*Rucunort, C.C. 10148. Michigan Ave., Chicago, Ill...... June 16, 
Rupp, Witt1amC. Dept. of Water Supply, Div. of Eng., 8100 

W. Warren Ave., Detroit, Mich........................ June 14, 
RuppErow, Mavrice B. Mgr. Merchantville-Pensauken 

Water Co., 13 W. Maple Ave., Merchantville, N. J..... June 23, 
Rue, J. A. Water Engr., Cent. Ill. Pub. Service Co., 1217 

Marshall Ave., Mattoon, IIl....................220000- Apr. 7, 
Ruaaues, A.V. Asst. toSect., American Water Works Assoc., 

*Rupp, Danie. H. Water Department, City Hall, Oklahoma 


RussELL, ALEXANDER. Sect. & Treas., Rochester & Lake 
Ontario Water Co., 440 Powers Bldg., Rochester, N. Y... Sept. 21, 


*RussE.LL, Brinton. Supt. Water Co., Norristown, Pa...... May 23, 
Chf. Engr., Opa Locks Co., Inc., Box 1, 

*Russeit, D. A. Chief Chemist, Youngstown Sheet & Tube 

Russet, Norman F.S. Drawer 306, Burlington, N. J...... Dec. 10, 
Rutu, Epwarp D. Supt., Water Dept., City Hall, Lan- 

Rye, Joun. Asst. Supt., Passaic Consolidated Water Co., 


*Saprn, M.S. Asst. Sanitary Engineer, State Dept. of Public 
*SacketT, RopertL. Dean, School of Engineering, Pa. State 


Saenz, Samuev. Civil Engineer, Heredia, Costa Rica,C.A... June 5, 
*SarrorD, ARTHUR T. Engr., Proprietors Locks & Canals, 


66 Broadway, Lowell, Mass........................ Feb. 4, 
Sauisspury, J. W. Civil Engineer, Chinchilla, Lackawanna 

SaLmMonD, JAMES J. Manager Canadian Engineer, 62 Church 

*SaMpLeE, J. D. Vice Pres., McWane Cast Iron Pipe Co., Bir- 

SamuE., T. D., Jr. Chief Engr. and Supt., Water Dept., City 

*SANBORN, JAMES F. Consulting Engineer, 30 Church St., Rm. 

*SanpEersON, A. U. Supt. Toronto Filtn. Plant, Foot of John 

*Sanpquist, Emit. City Engineer, Havre, Mont............ Jan. 17, 
Saunpers, Wm. E., E.M. Librarian, United Gas Improve- 

ment Co., Broad & Arch Sts., Philadelphia, Pa........ July 26, 
*“SauRBREY, Kay N.G. 109 E. Mary St., Valdosta, Ga..... June 28, 


*SavILLE, Gates Mitts. Mgr. & Chf. Engr. Water Works, 
53 North Beacon St., Hartford, Conn.................. Mar. 18, 


1920 
1919 


1922 
1921 


1927 
1925 


1923 
1914 
1916 
1920 
1922 


1927 
1923 


1927 


1924 
1915 


1922 
1919 


1928 


1912 
1928 


1921 
1924 
1907 
1926 
1928 
1921 


1920 
1927 


1919 
1926 


1916 


RovurtTLEDGE, GEORGE GRAHAM. Supt. Water Distb. Section, a 
Rowe, LLEWELLYN H. Water Works Engineer, Box 123, Opa 
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*SAVILLE, THORNDIKE. Prof. of Hydrau. & San. Engr., Univ. 
of No. Carolina, and with Dept. of Conservation & 
Devel., Box 352, Chapel Hill, N. C.................... 

*Sawin, Lutner R. Bacteriologist in Charge of Mt. Kisco 

Sayer, Frep D. Supt., Brookville Borough Water Dept., 

*ScarRTH, STANILAND. Supt. of Water, Light & Power, Fair- 

"Ba T. Supt. Highland Water Works, Co., Highland, 


G. 925 W. Susquehanna Ave., Philadel- 
*“ScuerreR, Louis K. Asst. Engr. San. Engineering, 1013 
Scuprer, Freperick G. Asst. Engr. Bureau of Water, 


W. Russell Street, Monroe, Wisc...................... 
*ScHNEIDER, Witu1aAM J. Gen. Mer., Bettendorf Water Co., 
Scnouz, Rospert O. Senior Engr. Division of Water, 45 
*ScHonert, Cuas. O. Supt. Water Works, Hammond Water 
Department, Hammond, 
GreorcEe N. 1609 North Erie St., Toledo, 


ScHroepER, E. C. Manager, Water Works Plant, 617 N. 
Scnuck, H. W. Supt., Water Department, 804 Bayswater 
ScHUMPERT, Homer W. P. O. Box 333, Newberry, S.C... 
*ScHUYLER, Puruip. Editor, ‘“Western Construction News,”’ 
114 Sansome St., San Francisco, Calif.... ............. 
*ScowaBE, P. P. & M. The Thompsonville Water 
Co., 15 Central St., Thompsonville, Conn.............. 
eS Frank. Supt., Gas & Water Depts., Clearwater, 
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Aug. 30, 1920 
July 14, 1916 
Apr. 22, 1914 
Aug. 9, 1916 
May 25, 1926 
Jan. 1, 1926 
Oct. 23, 1922 
Jan. 26, 1924 
Dec. 26, 1919 
Apr. 26, 1921 
June 15, 1926 
Apr. 16, 1926 
Apr. 10, 1926 
June 17, 1926 
Apr. 10, 1924 
July 30, 1926 
June 16, 1925 
Nov. 24, 1924 
Feb. 19, 1916 
May 28, 1926 
Aug. 22, 1921 
Aug. 26, 1924 


June 6, 1927 
Aug. 24, 1925 


Mar. 6, 1926 


Nov. 3, 1914 
Mar. 31, 1927 
May 28, 1924 
June 6, 1927 


ScuarFF, Maurice R. Consulting Engineer, Farmers Bank ten 

ScniepEL, C. W. Secy.-Treas. & Genl. Mgr. Water & Light 56 

Scuuicut, C. Supt. of Pipe System, Hackensack Water 

Co., 624 Park Ave., Weehawken, N. J................. 

*“Scumip, T., Jr. Jr. Sanitary Engineer, 10856 Wabash Ave., 

*Scumit, Jos. M. City Engineer & Water Works Supt., P.O. ie 

Bow Lewishows, Moms... a 

Scumitr, F. Engr. of Distribution, Water Dept., 

1688 E. 84th St., Cleveland, Ohio...................... J 

*SCHNABEL, WILLIAM R., C.E. Engineer Bureau of Water, Aa 

242 S. Madison St., Allentown, Pa...................... 

ScHNEIpER, Ernst J. Supt., City Street & Water Dept., es 

*SCHNEIDER, GEORGE. Supt., Monroe City Water Dept., 125 - 

: 

) re JoserH P. City Engineer, 923 49th St., Milwaukee, : 

*Scuwarz, Evaene. Supt., City Water Dept., Rochester, 
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Scuwepre, Witt1AM HaskeELL. New Canaan, Conn......... 
Scuwier, Ermer C. Auditor, Indianapolis Water Co., 113 
Monument Circle, Indianapolis, Ind................... 
Scorietp, C. L. Canadian Fire Und. Assn., 524 Coristine 
*Scort, J. SHetpon. Chst. in Chge. Purification Plant., 1623 
State St., Steubenville, 
Scott, Joun Russety. Ross & Scott, Civil Engrs., 89 Main 
St., East, Welland, Ont., Canada...................... 
Scort, Rossiter, 8.,M. E. With Nicholas 8. Hill, Jr., 112 E. 


ing, Conn. State Dept. of Health, Hartford, Conn..... 
*Seery, Francis J. Prof. Cornell Univ., 504 Uni- 


SriBERT, JOSEPH. mage Water Works, St. Cloud, Minn...... 
*SELIGMAN, FE.rix. mp Station, Duluth, W. & L. Dept., 
Senior, Samuet Parmer. Pres. & Engr. Bridgeport Hyd. 
*SENSEMAN, H. L. Supt., Water Department, Box 604, Iron 


*SerKES, MreyeR. 1324 Goodfellow Ave., St. Louis, Mo..... 
*Sevier, Roscor. Asst. Sect., Los Angeles County Water 
*“SHANEMAN, Frep C. Sales Engr., Great Western Electro- 
Chem. Co., 301 Washington Bldg., Tacoma, Wash.... .. 
SuHaner, GeorGe A. Chemical Engineer, The Carter Oil Co., 
SHaron, Joun J. Spring Valley Water Co., 425 Mason Street, 
*Snarp,A.S. Mgr.&Sect., Leadville Water Co., 719 Harrison 
Saw, A. Ww. Engineer, Box 1516, Brandon, Manitoba, Can... 
ame M. Supt., Water Works, P. O. Box 822, Prescott, 


SHERMAN, ArTHUR L. 20 Clinton St., Newark, N.J......... 
SHERMAN, Cuartes W. Metcalf & Eddy, 1300 Statler Bidg., 
“SHERMAN, LeRoy K. Pres., Randolph-Perkins Co., 1444 
First National Bank Bldg., Chicago, 
*SaerreERD, Morris R. Cons. Engr., Dept. Street & Public 


Improvts., City Hall, Newark, N. J................4.. 
*SHiBLEy, KENNETH. Manager, California Filter Co., 202 
Securities Bldg., Seattle, Wash... 


Mar. 23, 1928 
Dec. 29, 1924 
Apr. 22, 1920 
Nov. 27, 1920 
Feb. 28, 1928 
Mar. 4, 1922 
Mar. 11, 1914 
Oct. 14, 1922 


Nov. 3, 1919 
June 5, 1912 


June 11, 1924 
July 10, 1906 


May 24, 1927 
May 25, 1926 


Sept. 16, 1927 
Jan. 17, 1928 
Feb. 24, 1928 
Feb. 10, 1920 


Mar 24 1926 
Jau. 1 1911 


Apr. 18, 1922 
June 29, 1928 
June 29, 1928 
Apr. 2, 1923 
July 10, 1906 
June 13, 1921 


June 11, 1924 
Feb. 16, 1924 


May 14, 1914 


Sept. 10, 1924 
June 7, 1897 
Sept. 1, 1915 


s *Scott, Watter M. Chrmn. of Comnrs., Greater Winnipeg 

- Wtr. Dist., New Civic Offices, Winnipeg, Manitoba, Can. 

a: *Scott, WARREN J. Director, Bureau of Sanitary Engineer- 

Saaw, Cuark H. Chf. Engr., Long Beach Water Dept., 607 

Suaw, Frank Russe, B.E. Sanitary Engineer, U.S. Public 

a Health Service, Municipal Bldg., Chicago, Ill.......... 

Saaw, Harry B. Asst. Engr., Washington Subn. San. Dist., 

Suaw, Water A. State Public Utilities, 1509 Farwell Ave., 

‘, Sueat, Ropert E. Cons. Engineer, 2101 East 100th St., 

*Suett,R.G. Supt. Filtration Plant, R. F. D. No. 4, Fayette- 
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Pamee, W.S. Messrs. Shields, Jordan & Roe, 205 W. Wacker 
SHIPMAN, Evens H. Prest. Clear Springs Water Co., 624 
North Main 
aa 4 G. E. Genl. Mgr., Water Works, Waterloo, 
“SnO;sLL, E. B., Jk. Dupont-Rayon Co., Drawer B, Station 
SHONERD, R.E. Asst. Chf. Mechanical Engineer, 1006 Hall of 
*SHort, WM. B. City Engr. & Supt. Water Works, City Hall, 
*Suutt, J. W. Engineer, City Water Dept., 509 Market St., 
*SicKEL, H. B. ALLEN. Vice Pres., Layne-Ohio Co., Box 37, 
*Srippons, Jos. 8. V. Supt. Filters, 1648 Dyre St., 
*SIEBERT, Curistran L. Engr., Penna. Sanitary 
Water Board, Harrisburg, 
Srzpiz, Apotpa G. Asst. Engr., Water Dept., 480 East 124th 
*SIEMS, V. Bernarp. Vice President & Chief Engineer, 
- atppel Water Works Corp., 11 Broadway, New York, 
*Simms, R. B. Supt. Water Works, Spartanburg, S. C... 
*Simons, Grorce W., Jr. San. Engr., 364 Avondale Ave., 
J. 4770 Wallingford St., Oakland Station, Pitts- 
*SIMPSON, Namnas A Asst. Bact. Bureau of Water, 3818 Lan- 


*SKINKER, THOMAS JULIAN. Engr. in lize) of Distribution, 
SKINNER, ALFRED E. Western Mgr. Pitometer Co., 5311 
Kenmore Ave., Chicago, 
*SKINNER, HERVEY ¥ Pres., Skinner, Sherman & Esselen, 
Inc., 246 Stuart St., Boston, Mass..................... 
SKINNER, "Joun F. Deputy City Engr., 56 City Hall, 
*Stack, Morris C. 16 Jeannette St., Albany, N. Y.. 
*SLaTer, E.O. Chemical Engr., 245 So. Los Angeles St., Los 
*SLaucuTer, J. M. Supt., Water Works, Meridian, Miss. . 
SLEEPER, Wa. H. Supt. Greenlawn Water District, Green- 
*SMALLEY, James D. Supt. Water Dept., 1027 B St., Hayward, 
A. J. Columbus Water Works, Columbus, Ga.. 
Smart, E. E. Commissioner of Water Sanitation, Mineral 
*SmMepBERG, C. W. Water De ept., , Greensboro, N.C.......... 
*SmiTu, ALBERT B. 34 East Grand Ave., St. Louis, Mo..... 
Smira, East Ely, 


May 
July 
June 
Nov. 
June 
Dec. 23, 1927 
Nov. 24, 1924 
July 22, 1927 
Feb. 28, 1916 
Feb. 8, 1926 
June 13, 1921 


May 11, 1916 
May 24, 1922 


July 23, 1920 
Sept. 11, 1924 
June 6, 1927 
Sept. 18, 1925 
Mar. 16, 1926 
July 31, 1924 
Mar. 14, 1921 
Apr. 10, 1926 


May 11, 1927 
Jan. 26, 1926 


Apr. 11, 1922 
May 28, 1924 
May 16, 1923 


Aug. 29, 1923 
Dec. 26, 1916 


June 6, 1927 
Dec. 11, 1922 


Jan. 25, 1926 : 
May 20, 1925 
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INGLETON, lvll Engineer, . Box 13/ 3, Atlanta, 
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SmitH,ArtHuRH. 100 Beechwood Ave., Bound Brook, N. J.. 
*SmirnH, Cuester A. Cons. Engr., c/o Burns-McDonnell- 
Smith Engr. Co., 422 Western Pacific Bldg., Los 
*Smitu, E. E. Manager, Boise Water Corp., Boise, Idaho. . 
*SMiru, E. H. New Jersey Water Co., 521-23 Federal St., 
*Suitu, EtroyG. Cons. Engr., 313 Herald Bldg., Augusta, Ga. 
seal L. B. Mgr. Westmoreland Water Co., Greensburg, 


M. C. Engineer in Charge Bureau Water & Electricity, 
*SMITH, Minton Perry. ’Supt., Parks & Public Property, 
*Smitu, Dr. O. M. Chemistry Dept., A. & M. College, Still- 
Smiru, P. A. Treas., The A. P. Smith Mfg. Co., 66 Stanley 
*SMITH, R. J. Mgr., Sect.-Treas., Perth Hydro-Electric Sys- 
mie L. Supt., City Water Works, City Hall, Montrose, 
Smitu, W. Austin, City Manager, Fort Pierce, Fla.......... 
*SmitH, W. CHESTER. City Engineer, City Hall, Oshawa, 
Smita, W. ’Z. General Manager Water Works, 1678 N. Rock 
Smitarim, E. R. Secty-Treas. Public Util. Comn., Box 55, 
SNEDEKER, H. L. Local Willows District, California 
*Snipow, HERMAN W. ‘Asst. Engr., State Board of Health, 


pa 8. i Supt. Wtr. Wks., 105 S. Madison St., Stough- 
Souer, Pepro A. RossE.., Civil Engineer, Brasil 1777, Buenos 
*SoLomon, GABRIEL R. Pres., Solomon, Norcross & Keis, P. 
0. Box 1917, Fort Lauderdale, Alea 
*SpatpinG, Geo. R. Asst. Supt., Filtration & Sanitation, 
Hackensack Water Co., New Milford, aw”. 
*SPAULDING, CHARLEs H. Supt. Water Purification, “Dept. of 
Water Light & Power, Springfield, Ill.................. 
sales! aa E. Municipal Bldg., Room 2224, New York, 


*Sprer, Cari, Jr. Sanitary Engineer, 7516 Colfax Ave., 
*SpELLER, FRANK NeEwMAN. Metallurgical Engr., 1802 Frick 
SPENCER, C. A. Supt. Mountain Wtr. Supply Co., 502 First 


May 8, 1918 
Sept. 27, 1924 
Apr. 23, 1927 


Apr. 20, 1924 
June 16, 1920 


July 26, 1915 
May 17, 1916 
May 12, 1925 
- Apr. 23, 1924 
Feb. 24, 1928 
May 31, 1927 
June 10, 1911 


Apr. 23, 1927 
Dec. 22, 1926 


Feb. 8, 1926 
Apr. 27, 1910 
Apr. 3, 1919 
May 26, 1927 
June 17, 1926 
Mar. 13, 1920 
Nov. 10, 1925 
July 16, 1923 
Aug. 5, 1927 
Nov. 18, 1925 
June 17, 1926 
July 29, 1924 
Jan. 8, 1915 
Dec. 29, 1926 
June 10, 1920 
Oct. 10, 1919 


*SmitH, Leon A. Supt. Water Works, City Hall, Madison, 
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Spencer, Percy S., A.M.I.C.E. Resident Engineer, New- 
port Mon. Corpn. Water Works, Newport, Monmouth- 

*Sperry, WaLTeR A. Director of Public Service, 630 Pleasant 

Sprrz, Leonarp S. Chf. Pitometer Operator, Bureau of 
Water, 50 Lake View Ave., Buffalo, N. Y.............. 

SpITZNAGEL, JosEPH. Supt. of Water & Light, Box 643, 

*Squires, Anson W. Supt., Tampa Water Works Dept., 

*STALBIRD, JAMES A. Inspection Agua Potable, Augustinas 


*STANLEY, WILLIAM E. c/o Pearse, Greeley & Hansen, 6 No. 

Michigan Ave., Rm. 1710, Chicago, Ill................. 
*STANNARD, JAY L. 212 City Hall Annex, Tacoma, Wash.... 
Strarspirp, H.R. 524 University Bldg., Syracuse, 


*STaRKE, WILLIAM. Supt. of Municipal Water Dept., 416—3rd 
St., City Hall, San Bernardino, Calif.................. 
*STARR, Ronatp H.’ B. A. Sc., Engr., Water, Light & Power 
Comm., Box 708, Orillia, Ont., Camada................ 
*STARTZELL, R.C. Supt. of Water Works, 224 West Mahoning 
Srava, WiuuiaM. Asst. Engr., Calif. R. R. Comm., Hyd. 
Divn., 2927 Regent St., Berkeley, Calif................ 
Stearns, HARRINGTON P. Queens Co. Water Co., Far Rock- 
Srein, I. Metvitie. 3128 W. Coulter St., Philadelphia, Pa. 
STEINBRUEGGE, R. L. Supt., Meter & Inspection Bureau, 
Water Div., 6452 McCune, St. Louis, Mo.............. 
*STEINHAUER, E. Local Manager, Redding District, California 
Water Service Co., Box 233, Redding, Calif............ 


Stern, M.R. Gen. Mgr., Bartlesville Water Co., Wheeling 
Bank & Trust Bldg., Wheeling, W. Va................. 
Sterosxy, JoserH. Supt. Water Dept., 909 Oak St., Port 


*Stevens, Harotp C. Consulting Engineer, 266 Fulton Ave., 
*STEVENSON, Ratpu A. Supt. Filtration Division, 3425-V. 
*Stevenson, W. L. Chf. Engr., Pa. Dpt. of Hith., P.O. Box 


“Stewart, C.E. Supt., Muncie Water Works Co., 3168S. Mul- 
Stewart, E.B. Electrolysis Engineer, East Bay Water Com- 
pany, P. O. Box 458, Oakland, Calif................... 
*Stewart, E.J. Engineer, Fire Protection, 701 Jackson St., 
Stewart, Exon P. Division Engineer of Operation, Dept. of 
Eng., Div. of W. 8. State Tower Bldg., 
Srewart, Frep J. City Engineer, City Hall Bldg., Holly- 
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3, 1922 
5, 1914 
5, 1918 
6, 1927 
8, 1924 
9, 1925 


24, 1914 


9, 1922 


. 20; 1926 


13, 1921 


. 15, 1926 
. 16, 1920 
. 20, 1927 


17, 1927 


. 22, 1914 


26, 1925 
6, 1927 
26, 1927 


. 21, 1916 


24, 1920 


. 19, 1926 
. 17, 1927 


28, 1924 
9, 1914 


. 14, 1927 


1, 1922 
5, 1925 
28, 1926 


. 30, 1926 


6, 1926 


. 12, 1920 


May 
Dec. 
July 
June 
Mar. 
Apr 
Dec 
No 
Oct 
June 
No 
Jan 
May 
May 
June 
May 
“STEPHEN, ENG. Ltr. Cmpr. R.N. Supt. Engr., 
Macdonald College, P.Q., Camada..................... Apr 
*STEPHENSON, Frank H. Asst. Supt. Water Supply, 2632 = 
Chicago Blvd., Detroit, Mich.......................... May 
*STEPHENSON, J. R. Superintendent City Water Works, Elk- aes 
Feb 
May 
Sept 
May : 
Jan. 
May 
May 
Ar 
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Srewart, Spencer W. Prest. Ambursen Constr. Co. Inc., 


Grand Central Terminal Bldg., New York, N. Y........ Feb. 4, 1921 
STickNEY, Grosvenor W. City Engineer, 215 So. Washington 
H. Civil & Hydraulic Engineer, 511 Thornton 
*SToMPLER OrroF. Superintendent Langhorne Spring Water 
Co. , Langhorne, P Jan. 6, 1926 
*STONE, E. W. Analyst, Pueblo Water Works, P. O. Box 818, 
Stone, R. D. Pres. & Mgr., 400 Chestnut St., Philadelphia, 
Srorriz, C.E. Confederation Life Bldg., Room 625, 
‘toate Joun W., C.E. N.H. Pub. Serv. Comn., Concord, 


*STRADLING, F. P. Supt. Kokomo Water Works Co., P. O. 


*STRANG, JOHN A., C. E. one & Tiernan Co. Inc, 223 E. 
‘PHIL B. 7208 g Ave., Bywood, Upper 
W. San. Engr., U. S. Pub. Hith. Serv., Third 
& Kilgour Sts., Cincinnati, Apr. 16, 1915 
Srrincrettow, H. A. Manager Ry Division, The Biggs 
Boiler Works July 25, 1924 
*STROCKBINE, WALTER. Chemist, Thebes of Water, Reading, 
*STROHMEYER, JosePH 8S. Asst. Civil Engr. Water Dept., 5007 
Strouse, Pau Ew1ne. City Engineer, Rocky Ford, Col.. Aug. 31, 1923 
STRUTHERS, D.L. City Manager, Gastonia - Ae Dec. 8, 1923 
*SUDHEIMER, Georce C. Comnr. Public Utilities, 25 East 
*3uaes, Joan H. Durham Water Works, Durham, N.C..... Apr. 4, 1924 
*Suar, L. D. Suhr, Berryman, Peterson Suhr, 130 N. Wells 
Surror, Roy B. Supt. Public Service, Walnut Ave. & 6th St., 
*SuLLIvAN, C. J. Supt. Water Works, 319 Second Ave. North, 
*Sutiivan, E. C. U.S. Public Health Service, 1025 Exch. 
Bldg., 130 Madison Ave., Memphis, Tenn.............. Apr. 14, 1924 
*SUMNER, R.S. Gen. Mgr., Denver Municipal Water Works, 
1509 Cleveland Place, Denver, Colo.. ... Feb. 28, 1925 


*Surer, Russewu. Sr. Asst. Engr., Cons. Comn. “Albany, N. Y. Oct. 9, 1914 
*SUTERS, Frank. California Water Service Co., 1029 Hunter 


Dulin Bidg., San Francisco, Calif....................-. July 11, 1927 
SuTHERLAND, [an M., M.C.E. Engng. Drftsmn. M. M. B.W., 

110 Spencer St., Melbourne, Australia................ June 16, 1920 
SuTHERLAND, Oscar. Asst. Supt., Water Dept., Sioux City, 

*Sutrron, Roy E. Superintendent of Water Works, Route 4, 


Swaas, S. M. Cons. Engr., City Hall, Room 210, Phila- 


¥ 
*SToveR, FreperIcK H. Crescent Hill Filters, Louisville, 
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H. E. Supt., Water & Light Dept., Jacksonville, 
*Swartz, Martin. Supt. Water & Light Comn., Green- 
*SWEARINGEN, C. V. Chemist, City Water Company, Chatta- 
*jweet, O., C.E. Birmingham Water Works Co., 1106} 


Symonps, Gerorce B. Filtration Works Superintendent, 
Mount Charlton, The Caves, North Coast Line, Queens- 


Symons, JoHN Q. Foreman Operator, 2056 Main St., San 
Symons, M.M. Chief Engr., Interstate Water Co., 1009 West 
Faiw@éid 8t., Danville; Hl... 


TaBer, GeorGe A. 73 Cornhill, Boston, Mass.............. 
*TaINnTER, F. S., 84 Pine St., New York, N. Y................ 
Tait, RopertS. Superintendent of Water, 14 California St., 
*Taxeucui, R. Chief Engineer, Municipal Water Works, 
*TaLtBot, ArtTHUR N. Prof. Municipal & Sanitary Engr., 
University of Illinois, Urbana, Ill...................... 
TatBot, EaruE. Secty. Treasr. & Genl. Asst. Supt., Hacken- 
sack Water Co., Box F., Weehawken, N. J........... 
Tanco, H. Gomez. Civil Engineer, Apartado 151, Bogota, 


*Tanner, I. B. Supt. Wtr. Svce. Dpt., Jos. E. Nelson & 
Sons, 3240 S. Michigan Ave., Chicago, IIl.............. 


*TaRBELL, W. P. City Engr. & Supt. Water Works, P. O. Box 
*TarBETT, E. U.S. Public Health Service ‘‘C’’ Bldg., 
16 Seventh St., S.W., Washington, D. C................ 
*TaTLock, Myron W. Supt. of Sewage Treatment Wks., 905 
Ferndale Ave., Dayton, 
Tator, ARTHUR R. c/o Pure Asphalt Products Co., 
136 Cator Avenue, Jersey City, N. J.................. 
Tay, SaMueL Wriacut. San. Engr., Territorial Bd. of Hith., 
Hawaii, 2413 Lower Manoa Road, Honolulu, T. H.... 
Tayrtor; ArtHur. Cons. Engineer, 743 Petroleum Secur- 
ities Bldg., 10th & Flower, Los Angeles, Calif......... 
Kota Gro. R. San. Chmst., 115 Wyoming Ave., Scranton, 


*TayLor, WarREN C. Assoc. Prof. of Civil Engr., Union 
College, Schenectady, N. 
*Tennant, C. W. Dist. Mgr., Western United Gas & Elect. 
*TENNY, M. K. Chemist, Des Moines Water Works, 10th & 


Tuane, H. S. Supt, Water ‘Department, Missoula Public 
Service Co., 


June 6, 1927 
Dec. 10, 1924 
Jan. 2, 1924 
May 19, 1919 
May 10, 1915 


Aug. 16, 1927 
Feb. 26, 1921 
Oct. 20, 1926 
Feb. 8, 1915 


June 3, 1912 
Oct. 4, 1919 


Oct. 27, 1925 
Dec. 20, 1927 
Aug. 22, 1894 
May 1, 1920 
Mar. 1, 1924 
Sept. 5, 1919 
Feb. 17, 1928 
July 5, 1921 
Mar. 10, 1928 
Nov. 29, 1924 
July 14, 1920 
July 31, 1924 
May 11, 1908 
June 3, 1919 
Oct. 31, 1924 
Feb. 24, 1928 
Feb. 17, 1927 
Apr. 30, 1926 


Virginia Ave., Birmingham, Ala....................... 
*Switzer, Jonn A. Cons. Engr., Prof. Hydraulic & Sanit. 
University of Tenn., Knoxville Tenn........... 

° Symonps, Henry A. Cons. Hyd. Engr., 75 Crofton Road, =: 

= 

TAYLOR, STEPHEN H. upt. Water Works, 312 Municipal a 
Bldg., New Bedford, 
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THERIAULT, Emery J. Chemist, U.S. Public Health Service, 
3rd & Kilgour Sts., Cincinnati, Ohio................... 
THIESSEN, FRANK C. Engineering Dept., R. R. Comm. 
iene A. H.R. Supt. Waterworks, Box 227, New Toronto, 
Tuomas, CHartes F. 5915 Springfield Ave., Philadelphia, Pa. 
Tuomas, DavipS. Inspecting Engineer, Board of Fire Under- 
writers of the Pacific, P. O. Box 1373, Butte, Mont.... 
Tuomas, E. J. Cons. Box 613, Minot, N. 
Tuomas, EpGar. Supt., Yreka Water Dept., Yreka, Calif... 
Tuomas, M. L. Superintendent Water Works, Gillette, 
Atvin B. Supt. Kennebec Water Dist., Waterville, 
*THompson, Davip G. Water Resources Branch, U. 8. Geo- 
logical Survey, Washington, D. C....................4. 
Tuompson, E. W. Northwestern Manager, Neptune Meter 
Co., 474 Glisan St., Portland, Ore..................... 
*Tuompson, E. Asst. Chst. Filt. Plant, 596 Milver- 
Tuorre, Grorce E. Gen. Mgr., Thorpe Bros. Well Co., 
224-226 Atlas Bldg., Des Moines, Iowa................. 
*TuHuma, R. A. Supt. Filter Plant, Water Department 
R. F. D. No. 4, Dayton’s Bluff P. O., St. Paul, Minn.. 
*TIEDEMAN, WALTER V. D. Asst. Sanitarian, Div. of Sanit., 
State “et of Health, Elsmere, N. Y................. 
Timonorr, V. E. Prof. of Hydraulic Engineering, Ligowka 
*Trepins, Ben. F. Gen. Supt., Water & Sewerage Plants, 517 
Magnolia Ave., Daytona Beach, Fla.................... 
*TispaLE, Exuis 8. Director, San. Eng. Division, State Dept. 
Tirsuaw, Ernest P. Box 1814, Atlanta, Ga................ 
Lente: enna Supt. Elec. Light & Water Works, Austin, 
To.ies, Frank C. Civil & Sanitary Engineer, 1149 Leader- 
*Totson, ALBERT. Supt. of Filters, 206 Rochelle Ave., Phila- 
Tomuinson, O. N. Mgr. Hermosa Redonda Water Co., P. O. 
Box 235, Redondo Beach, Calif......................55 
Tomuinson, Sam. 100 Robinson Road, Singapore, S.S........ 
*Toms, R.C. Mgr. Marion Water Co., Marion, Iowa.......... 
Tonney, Frep O., M.D. Dir. of Laboratories & Research, 
Dept. of Health, 712 City Hall, Chicago, Ill........... 
*Torren, Ropert L. Cons. Engr., 415 Brown Marx Bidg., 
*Tow.ze, Evton L. Hydraulic & Mechanical Engineer, 341 
Hamilton Ave., Glen Rock, N. 
*Trace, V. E. Supt. Water Works Dept., City Hall, Santa 
TravuGer, Grorce W. Supt. Lindsay Strathmore, Irrigation 
District, Box 57, Lindsay, Calif................s.-00+. 
Travis, F. M. Pres., The Torrington Water Co., P. O. Box 
*Trax, E.C. Chemist, Filtration Plant, McKeesport, Pa.... 
TREMBLAY, J. A. Engr., Water & Sewerage Dept., 98 


C. 
Bougainville 


Dec. 15, 1925 
Oct. 7, 1924 


Feb. 28, 1923 
Aug. 29, 1923 


Feb. 7, 1927 
June 1927 
Mar. 27, 1926 
June 26, 1919 
Sept. 24, 1924 
Dec. 20, 1927 
Mar. 16, 1922 
May 24, 1927 
Mar. 13, 1925 
Oct. 16, 1925 
Jan. 1, 1921 
Dec. 22, 1926 


Aug. 26, 1916 
Mar. 16, 1927 


June 18, 1901 
Aug. 1, 1923 
Jan. 29, 1916 
Dec. 10, 1924 
Apr. 1924 
Aug. 28, 1928 
Mar. 26, 1923 
Apr. 5, 1922 
_ July 23, 1920 
Nov. 18, 1925 


July 20, 1917 
June 9, 1911 


May 28, 1924 


‘ 
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*Tripus, Louis Lincoutn, C.E. 15 Park Row, New York, N. Y. 
*Trice, M. F. Assistant Engineer, State Board of Health, 
*TRIMBLE, EarLe J. Supervising Engr., Water Dept., 85 
True, AuBert O. Sanitary Engr., Proximity Mfg. Co., 
*TRuMAN, CuesterR A. Supt., Northfield Land & Water Co., 
3011 N. Tejon St., Colorado Springs, Colo............. 
-TRUMBORE, FRANK J. aster Mechanic, 1151 N. Main St., 
*Turner, J. W. Superintendent, Waterworks, Edmonton, 
TuRNER, JosePpH J. Asst. Sect., Boise Water Co., Box 718, 
*TurRE, Georce J. Chief Chemist, Municipal Water Works, 
ig of Water Comnrs., 1509 Cleveland Place, Denver, 

*Tuttte, ArtHur S. Chf. Engr., Bd. of Estimate & 
Apportionment, Municipal Building, New York, N. Y.. 
*Tyter, O. Z. Superintendent Water Dept., City Engineer 


Bldg., Jacksonville, 
*Utricn, Bernarp L. Supt., Water Works, Manhattan, 


VaiL, CuHartes D. Mgr. Improvements & Parks, City Hall, 
*VanArnum, Witui1amM I. Supt. Filtration, 374 Glenwood 
Van ArspALE, GeorGe A. Water Superintendent, Hugo, 


Van BENSCHOTEN, JAy. Mechanic & Water Works Engr., 32 
Front St., W., Toronto, Ont., Canada................. 
ae W. D. Pres. Water Works Co., Southampton, 


Pumping Sta., Washington, D. 
Van Giver, L. Engr. & Supt. Water Dept., City Hall, 


Van Gorver, J. R. Eastern Sales Manager, Neptune Meter 
Company, 50 E. 42nd St., New Yor 
VanKeuren, C. A. Chief Engr., Wat. Dept., City Hall, 
*Van Loan, Seta M. Deputy Chief, Bureau of Water, 709 City 


Van Trump, S.N. Chf. Engr. & Supt. Water Wks., Wil- 
*Vauacun, W. H. Water Superintendent, Fort Smith, Ark... 
*Veatcu, N. T., Jr. Cons. Engr., 701-5 Mutual Building, 
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May 12, 1906 
Nov. 19, 1927 
May 15, 1924 
Aug. 28, 1922 
Dec. 27, 1926 
Apr. 7, 1922 
June 6, 1922 
Jan. 14, 1925 


Nov. 19, 1927 
July 10, 1916 
June 17, 1926 


Feb. 20, 1922 


Jan. 8, 1921 
Feb. 7, 1922 
Apr. 10, 1926 
June 10, 1923 
Aug. 23, 1920 
May 17, 1928 
Apr. 10, 1926 
Apr. 23, 1927 
Feb. 14, 1925 
May 18, 1926 
July 10, 1906 
Mar. 20, 1922 
May 23, 1923 
May 12, 1914 


Feb. 7, 1916 
June 6, 1927 


Dec. 16, 1915 


7 
Van Camp. R. K. Commissioner, Public Works, Bradenton, Be 
*Van CLEAVE, Sam M. Supt., City Water Works, City Hall, @ 
*VAN DEN Berg, C., Jr. Vice Pres., Alabama Water Co., 1019 . 
American Trust Bldg., Birmingham, Ala............... | 
*Van Deusen, E. T. Supt., Water Works, 21 Pearl St., i 
Van Doren, Wa. Taro. Water Survey Engineer, Bryant St. ns 
| 
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Narcisse J. A. City Manager, Shawinigan Falls, 


*Vest, W.E. Supt. Water Works, Charlotte, N.C.......... 
E. pE M., C.E. Caixo Postal 70, Campos, Brazil, 


Vo.timar, Otro. Director, Dresden Water Works, Brock- 
hausstrasse 3, Dresden, N. 8, Germ.................... 


*Vosspury, W. DeWirrt. & Sanitary Engr., 509 


*Wacuter, Leonarp M. Chemist, Dept. of Health, 192 


Supt., Carlisle Gas & Water Co., Car- 


Wacener, A. H. Supt., Public Water Works Dist. *2, 119 E. 
*Waaner, C.F. Engr., Oregon Insur. Rating Bur., P.O. Box 
*Waaner, Epwin B. Supt. Water Works, Downingtown, Pa. 
*Waaner, HenryF. Chief Chemist, Bureau of Water, Filtra- 
Waar. pigeaky F. Supt. & Engr. Dept. of Water, Lynch- 
*Wavpen, A. E. Supt. & Chief Engineer, 26 Hamilton Ave., 
Raspeburg P. O., Baltimore, Md....................... 
Wawprop, GrorceG. Secretary, Water Works, Room 3, City 
Waker, Cart C. Civil Engineer, 511-12 Hartman Bldg., 
*Wavxer, Evton D. Prof. of Hydrau. & San. Engrg., Penn- 
sylvania State College, State College, Pa.............. 
*Wavxer, Isaac 8S. Vice Pres. & Genl. Mgr., New Chester 
Water Co., 30 No. Franklin St., Wilkes Barre, Pa...... 
Waker, J. E. 2 Dalhousie Square, Post Office Box 680, Cal- 

Wa ker, Lewis Dewar. Water Works Engineer, Canadian 
Fire Underwriters Asso., Metropolitan Bldg., Toronto, 

*Wat, EpwarpE. 5361 Pershing Ave., St. Louis, Mo... .... 
*Waiace, Witt1aAM M. Filter Supt. & Chief Chemist, Filtra- 
tion Plant, Water Wks. Park, Detroit, Mich........... 
Wats, Jonn H. 265 Burnside Ave., East Hartford, Conn... 
Warp, Cuoartes Cons. Engineer, E. Laurie Co., 
115 Stanlev St., Montreal, P. Q., Canada.............. 
*Warp, Jon E.,C.E. Montgomery & Ward, Cons. Civil Engrs. 
545 Harvey-Snider Bldg., Wichita Falls, Texas......... 


Feb. 


Mar. 


Feb. 
June 


Apr. 
May 


June 


7, 1927 


8, 1926 


19) 1926 
. 18, 1926 


13, 1925 
23, 1920 


. 19, 1924 


. 16, 1922 


12, 1925 


. 10, 1928 


. 30, 1925 
22) 1921 


12, 1914 


. 3, 1919 


12, 1908 


. 10, 1926 
. 26, 1924 


18, 1906 


. 25, 1919 
Nov. 


12, 1926 
10, 1921 
7, 1904 


5, 1922 
28, 1924 


10, 1920 
17, 1926 


2 *VeRMEULE, CorNELIUS C., C.E. 38 Park Row, New York, 
Versuuivus, Jas. J. Construction Engineer, 403 City Hall, 
VERTEFEUILLE, JoserH A Municipal Bldg., Brooklyn, N. Y. May 16, 1916 
‘ June 23, 1928 . 
*VoGceLBack, WiLLIAM E. Southern States Power Co., 100 W. 
Monroe 8t., Chicago, Ill. FC 
: Voscsik, Lipot, CE. Budapest TX, Ulloi ut 69, Hungary... Jul 
*VoLtx, Kenneta Q. 176 No. Highland Ave., Los Angeles, 
*Von GreyERZ, Wao, C.E. Capt. Royal Swedish Corps 
‘ Engrs., Humlegardsgatan 29, Stockholm, Sweden..... July 
: 
| 
Mo 
May 
Mar 
| 
Apr 
May 
May 
Jan 

June 
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*Warp, Tuomas H. P. O. Box 613, Fort Smith, Ark......... 
WarpeErR, Superintendent Water Works, Niagara 
*Warina, F. Hotman. Chief Engineer, State Dept. of 
WaRNECKE, M. H. Supt. Water Works, 216 So. 10th Ave., 
Warner, H. L. Messrs. Crane-O’Fallon Co., 1631—15th St., 
P. O. Box 230, Denver, Colo... 
Warren, C. A. Const. Engr., City Water Department, 1822 
Lafayette Ave., Baltimore, Md..................... 


WaRREN, Herpert C. Genl. Mgr., Glendora Cons. Mutual 
Irr. Co., 234 N. Michigan Ave., Glendora, Calif....... . 
Warren, W.D.P. Cons. Engr., Milliken Bldg., Decatur, Il. 
*WarRICK, Louis F. Asst. Sanitary Engineer, State Board of 
*WATERMAN, Earute Lytron. Professor San. Engr., 104 Eng. 
Hall, University Ia., Iowa City, Iowa..........6.c000. 
Warkins, THomas. Mechanical Engr., Johnstown, Pa...... 
Watson, WiLL1AM. Supt., Water & Light Dept., City Hall, 
*Watr D.M. Mgr. American Water Works & Elec. Co., 50 
Broad St., Now York, 
wae Supt. Huntington Water Corpn., Huntington, 


*Watzt, Ernst. President, Watzl-Schweitzer, Inc., 502 
Huron-Sixth Bldg., Cleveland, 


h 
beg te Dist. Mgr. Consumers Power Co., Cadillac, 


*WeEED, EttswortHS. Civil Engineer, 232 Mael ay St., Harris- 


*Wrep, FrepericK H. Gannett, Seelye & Fleming, 600-602 
North 2nd St., Harrisburg, 


*Werip.LEIn, E. R. Sc.D., Mellon Ins. of Ind. Research, 
Thackeray & O’Hara Sts., Pittsburgh, Pa.............. 
*Werr, W. H. Georgia State Board of Health, 4 Capitol 
Weir, W. V. 6600 Delmar Blvd., University City, Mo....... 
WEISENBERGER, Victor. Supt. Tell City Water Dept., Tell 


a W. J. City Manager & Water Supt., Winfield, 

We ts, George M. Consulting Engineer, 61 Broadway, New 
Wetts, Marvin. Superintendent Water Works, 1333 Wash- 
ington St., Des Plaines, 


*WeELsrorD, Reep. Supt., Belmont Filter Plant, Bur. 
of Water, Belmont Ave., & Ford Road, Philadelphia, 


Aug. 13, 1924 
July 7, 1920 
Aug. 30, 1928 
May 31, 1928 


May 28, 1924 

Jan. 8, 1916 a 

Feb. 23, 1915 a 

Mar. 27, 1926 

Jan. 25, 1927 

May 24, 1922 

Mar. 16, 1927 

Mar. 20, 1920 

Apr. 6, 1920 = 

Dec. 11, 1922 

May 18, 1892 a 

Mar. 8, 1924 

Apr. 23, 1924 

Warts,H.T., C.E. Supt. Water Supply Co., Box 107, Vin- 7 
Weaver, ALLEN J. Chemist, Commercial Testing, P. O. Box ° 
Weaver, F.F. Chemist, General Chemical Co., P.O. Box 147, - 
Long Island City, N. Dee. 18, 1924 
*Weaver, 8S. M. Superintendent Water Works, Monroe, = 
Jan. 8, 1921 

WesstErR, WapEL. Director Public Works, Kingsport, Tenn. Dec. 20, 1926 . 
July 12, 1926 ‘ 

Nov. 10, 1925 

June 26, 1924 : 

Dee. 29, 1924 

July 14, 1924 

May 17, 1928 5 

June 6, 1927 : 

May 5, 1913 

June 17, 1926 : 
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*WENDLER, WALTER H. Sanitary Engineer, Box 421, Dallas, 


Wentwortu, Franxuin H. Sect., National Fire Protection 
Assoc., 40 Central St., Boston, Mass................... 
Wentworth, Joun P. Metcalf & Eddy, 1300 Statler Bldg., 


Wertz, R. D. Southeastern Representative, R. D. Wood & 
Go. of Phila., 113 So. ‘‘N’”’ St., Lake Worth, Fla....... 
*WesLey, J. B. Missouri Pacific Railroad Co., 1310 Mo. Pac. 
West, Cuas. C. Gen. Mgr., Sayre Water Co., Sayre, Pa. 
West, Geo. F. President, Biddeford & Saco Water Co., 


*West, GeorGe M. Supt., Post Office Bldg., 182 8S. 2nd St., 

F. Rensselaer Water Co., Box 868, Portland, 
*Weston, Ropert Spurr. Consulting Sanitary Engr., 14 
Beacon St., Boston, Mass. 


*WerTer, CLARENCE H. Supt. Water Works, Tiffin, Ohio... 
*WHEDBEE, EpGar. District Sanitary Engineer, Texas State 

Board of Health, 601 W. 10th St., Bonham, Texas..... 
*WHEELER, Ropert C. Barker & Wheeler, 36 State St., 


*WHEELER Witu1AM. Consulting Civil Engr., 14 Beacon St., 


112 Pierce Hall, Cambridge, Mass..................... 
— R. D. Supt. of Water Dept., City Hall, Tucson, 
Wuirte, Cuartes H. Supt. Water Dept., Box 744, Asbury 
*Wuite, George W. Civil Engr., Harwood Beebe Co.,.12 
Bide., Spartenbure, .. 
Wuite, GItBerTC.,C.E. Durham, 
*Wuite, Guy H. Superintendent Water Plant, 2217 Gadsden 
WHITE, Henry M. Supt., Water Works, Oneida, N. Y....... 
arene A. Superintendent Water Works, Bessemer City, 


Wuirmire, C.D. 5725 Grand Ave., Kansas 
Wuirtsit, Lawrence C. City Engineer, 110 California Ave., 

*WuittakerR, H. A. Director, Division of Sanitation, State 

Board of Health, Minneapolis, Minn.................. 


*WiEpEMAN, H.F. Wiedeman & Singleton, Inc., P. O. Box 
*WieGHARDT, GrorGe F. Hydraulic Engineer, 433 Ogden 
*Wieters, A.H. Chf. Engr., Div. of Sanitary Eng. & Housing, 
State Dept. of Health, Des Moines, Iowa.............. 


Wiacern, THomas H. Cons. Engr., 40 Exchange Place, New 
*Wiaut, H. C. Industrial Engr., 806-7 Dayton Savings & 


Jan. 10, 1928 
May 28, 1924 


July 10, 1926 
Mar. 25, 1924 


Apr. 12, 1928 


Apr. 24, 1922 
Dec. 21, 1922 


July 24, 1911 
Mar. 17, 1916 
June 19, 1914 


June 15, 1898 
July 15, 1915 


June 17, 1926 
Oct. 23, 1914 
July 10, 1906 
May 13, 1922 
Sept. 28, 1926 
May 28, 1924 


Dec. 29, 1924 
May 12, 1908 


Nov. 24, 1925 
May 24, 1922 


Dec. 8, 1923 
Dec. 13, 1924 


Apr. 19, 1910 
Apr. 13, 1926 


May 7, 1917 
June 24, 1913 
Mar. 27, 1925 
Mar. 25, 1924 
Nov. 14, 1921 
May 24, 1922 
May 12, 1915 


= *Wertz, C. F. 1843 W. Erie Ave., Philadelphia, Penna...... 

| L 
*WHITENER, J. SuMMIE. 1202 Cowper Drive, Raleigh, N. C. P| 
*WuHITMAN, Ezra B. Civil & Sanitary Engr., 18 E. Lexington 
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WieLey, Cuester G., C.E. Room 230, Guarantee Trust 
Bid dg., Atlantic City, BPS 
*WILBUR, C.C. R. I. Box 15, Fridley, Minn................ 
Witcox, Frank L. Cons. Engr., Chemical Building, St. 
Witcox, F., M.E. 1205 Fourth National Bank 
Witey, Ricuarp E. Dist. Mgr., Oregon-Wash. Water Service 
Co., 1131 Second St., Hillsboro, Ore.. 
WILHELM, E. G. Secty-Treasr., Williamsport. Water Co.. 


WILHELM, George. Chief Engr. East Bay Water Co., Oak- 


*WILKINSON J. Charge of Water Rectification Dept. 
Riley fone. & Supply Co. Ltd., 360 Dufferin St., Toronto, 


WILL, Cuaruzs K. Supt. Water Works, 118 S. Queen St., 
WILLARD, Ernest C. 720 Corbett Building, Portland, 
*Wittcoms, Greorce E. San. Engr., 12 So. Lyons Ave., 
F. Supt. t., Mont.. 
Witiettr, N. urph hysboro Wtr. Wks., 
Elect. and Gas. Light Oo. 
Wiuurams, D. M. Assistant Engr., c/o Wm. M. Piatt, Dur- 
WILLIAMs, GARDNER S. Cons. Engr., Cornwell Bldg., Ann 


Witurams, Howarp L. Supt. Water Works, Ludington, Mich. 
Wituiams, Leon G. Civil Engr., Messrs. Pearse, Greeley & 
Hansen, 6 No. Michigan Ave., Chicago, Ill............ 
Wiuurams, O. E. Pres., Marion Water Co. & Tiffin Water 
Wks., 42 S. Russell St., P. O. Box 3378, Boston, Mass.. 
WILLIAMS, R. B., Jr. General Manager, Onondaga Water 
Service Corp. , 148 No. Warren Street, Syracuse, N. Y. 
*Wituiamson, D. HARLES. 5 Orchard St., Bernardsville, N.J. 
Wituiamson, James E. Cons. Engr., 39 Cortland St., New 
*Witts, W. ComprTon. Assistant Engineer of Distribution, 
fater Dept., 16th and French Sts., Wilmington, Dela. 
WILLSOoN, Jay. Supt. Water Works, Greenwich, 


CARL. Los Angeles Water Dept., Los 

WILSON, KennarpD. 54 Carolin Road, Upper Mont- 
clair, Pings 


Witson, Everitt W. 43 Austin Ave., Asheville, N. C....... 
eres Gorpon. C. E., 12 Oxford Terrace, West Orange, 


Min 
WILson, 3 P. City Clerk, Titusville, Fla................... 
Witson, Jesse H., C.E. City Engineer, Idaho Falls, Ida...... 
Witson, JOHN. City Hall, Duluth, 
*WILsoN, JoHN F. Dist. Megr., Oregon-Wash. Water Service 
Co., 209 So. First St., Mount Vernon, Wash........... 
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Apr. 27, 1910 
Feb. 20, 1924 


Apr. 28, 1914 
Sept. 5, 1893 
Jan. 26, 1928 
Feb. 15, 1917 
Mar. 25, 1913 


Feb. 4, 1928 
Feb. 19, 1919 
Oct. 10, 1914 


Apr. 7, 1922 
Apr. 28, 1915 


Sept. 21, 1918 
May 18, 1923 


July 10, 1906 
Aug. 24, 1894 


July 23, 1928 
June 6, 1927 


Mar. 19, 1926 
Jan. 16, 1923 


Jan. 20, 1921 
July 10, 1926 
June 7, 1916 
June 30, 1928 


Mar. 6, 1926 
Dec. 20, 1925 


30, 1928 
Sept. 21, 1922 
Apr. 12, 1928 
July 31, 1924 
Dec. 22, 1909 


Jan. 26, 1928 


: 

Conn... 

*Witson, I. E. Wtr. Commissioner, City Hall, Faribault 

; 
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*Witson, Joun J. District Engineer, Natl. Tube Co., 1020 
First Natl. Bank Bldg., Denver, Colo................. Mar. 
Witson, Norman McLeop Ramsay. Chf. Engr., Water 
Comnrs., Brantford, Ont., Dec. 
Witson, Percy 8. Superintendent of Operation, Community 
Water Service Co., 46 Cedar St., New York, N. Y..... July 
WINKLE, CuarLes W. Supt., Maintenance & Transporta- 
tion, Indianapolis Water Co., 620 W. Market St., 


10, 1926 
26, 1919 
16, 1926 


*WinsLow, C.-E. A. Yale Medical School, New Haven, Conn.. Jan. 30, 1915 
Winstow, W.H._ Vice Prest. Superior W., Lt. and Pr. Co., 

*Winsor, Frank E. Chf. Engr., Metropolitan Dist. Water 

Supply Commission, 24 School St., Boston, Mass....... Jan. 26, 1924 
*WINTERMUTE, Ferp C., C.E. 404 Second National Bank 

“Wintaens, Peter J. Supt. Wtr. Wks., 1201 Fifth Ave., Ford 

WOLBERT, H.E. Supt. Bd. of Water Supply, Mount Vernon, 

Woutr, H. Cary. Chief Engr. Public Serv. Comm., 1724 

Munsey pide. Feb. 27, 1924 
Eb. C. Water & Light, 211 S. State St., 

*Wo.trez, EpwarpE. Chemist, Water Dept., Hannibal, Mo.... Apr. 24, 1922 
Wotre, THomas F. Resrch. Engr., Cast Iron Pipe Pub. Bur. 

566 Peoples Gas Bldg., Chicago, Ill.................. Mar. 16, 1922 
*Wotman, ABEL. San. Engr., 2411 No. Charles Street, Balti- 

*WottmaN, J. J.,C.E. 225 Unity Bldg., Bloomington, Ill... May 20, 1923 
*Woop, C. Leann. Supt. of Municipal Commission, Her- 

Woop, Leonarp P. Asst. Engr., Board of Water Sup. of N. 

Y. C., 2217 Municipal Bldg., New York, N. Y........... Mar. 5, 1924 
*Woops, HarLtanp CiarK. 442 Grove St., E. Lansing, Mich.. Aug. 14, 1919 
*Woopwarp, Frank L. Jr. San. Engr., Minnesota Dept. of 

Health, Minneapolis, Minn.................-e.0seeeees May 11, 1927 
Woo..ey, JAMEs. eter Laboratory Chf., 135 4th St., 

Wootnovan, Freperickx, J. 1364 Albany Ave., Brooklyn, 

Worth, A. M. City Hall, Durham, N.C................... Apr. 23, 1924 
WorrTuHIncTon, STantEY W. Engr., Rochester & Lake Ont. 

Water Serv. Corp., 440 Powers Bldg., Rochester, N. Y. May 22, 1928 
Wray, Watter. Box 487, Tustin, Calif..................... ov. 11, 1926 
Wricut, C. F. Supt., Light & Water Dept., Lake Worth, 

Wricut, C.W. Pres., Badger Meter Mfg. Co., 841—30th St., 

Wricat, E. L. Superintendent, Municipal Water Works, 

Wricut, Howe... Director of Public Utilities, 204 City Hall, 

Wariacat, Jas. Supt., Dundas Water Works, Dundas, Ont., 

*Wricut, Jonn G. Engr. and Filter Operator, 312 Lincoln 
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*Wricut, LeRoy H. Superintendent of Water Works, 516 
*Wricut, Stantey Hupert. Consulting & Hydraulic Engr., 
*WourstE, R.G. City Hall, San Diego, Calif.............. 
Wyant, Cart. Resident Engr., Montecito County Water 
Dist., 29 San Ysidro Rd., Santa Barbara, Calif......... 
Cuartes R. 1239 N. Y. Post Rd., Scarsdale, 


*YacKLEY, WiLBURA. Chemist & Bacteriologist, Department 
of Water, Ottawa St., Dayton, Ohio 
*YaxLey, R. Gorpon. Supt.to Water Commissioners, Water- 
*YeGen, Witu1aM. Supt. of Filtration Plant, 808 Main Avenue 
Neem, JoserpH D. Water Purification Engineer, Cochrane 
orporation, 17th St. and Allegheny Ave., Philadelphia, 


Zett, T. H. Superintendent Water Dept., Xenia, Ohio..... 
*ZILKER, ANDREW J. 301 East 2nd Street, Austin, Tex...... 
ZIMMERLIN, Harry F. Supt. of Water, Lyons, N. Y......... 
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Apr. 12, 1927 


July 13, 1923 
May 12, 1925 


Mar. 5, 1924 


Apr. 2, 1918 
Sept. 11, 1923 


June 24, 1903 


Jan. 17, 1928 
Oct. 13, 1925 
June 6, 1927 
1; 1924 
July 9, 1928 
June 13, 1921 
June 8, 1904 
May 23, 1923 


Apr. 27, 1925 
June 3, 1921 


= 

*Wyckorr, NorMAN R. er of Water Supply, Detroit, Mich. 
*WynnE-Roserts, R. O. Suite 902, Metropolitan Bldg., 44 a 
Victoria St., Toronto 2, Ont. Canada.................. 

Youna, GEORGE 
Glencoe, Ill 
ror, T. L. Mgr. South Side Water Works Co., Chester, = 
Youna, Wm. R. Registrar Water Works, City Hall, Minne- ie 

: 
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ADIRONDACK WaTER Works. H.N. Heberer, Lowville,N.Y.. Jan. 12, 1923 
*Acua Pura Co. 701 Douglas Ave., East Las Vegas, N.M. May 24, 1909 
*ALABAMA PowreR Co. Howard Duryea, Asst. to General 

ALEXANDRIA Water Co. A SE RAR Apr. 3, 1909 
ALLENTOWN WATER DeparRTMENT. City Hall, Allentown, Pa... May 31, 1922 
AMERICAN WaTEeR Works AND E tectric Co., Inc. Mr. H. 

Hobart Porter, Prest.,50 Broad St., New York, N.Y.... June 24, 1915 
ANACONDA CoppeR Minine Co. Water Works Dept., Ana- 


Ann ARBOR WaTeR Works Commission. City Hall, Ann 

Antiocnu, Cauir. John F. Linwood, City Hall, Antioch, Calif.. Sept. 30, 1926 
ARKANSAS Power & Licut Co. Pine Bluff, Arkansas....... May 18, 1909 
Arkansas Utitities Company. 311 Porter Street, Helena, 

ASHLAND WaTeR Commission. E. C. Means, Chairman, 

-ASHTABULA WaTEeR Suppiy Co., A. T. Faulkner, Manager, 

*AUBURN WATER DEPARTMENT. Auburn, New York.......... Mar. 8, 1911 
Baton Rouge Water Works Co. Baton Rouge, La........ Apr. 13, 1914 
Bay Crry Water Works Dept. City Hall, Bay City, Mich. Aug. 24, 1925 
*Benicia Water Co. J. A. Wilcox, Chf. Engr., 603 Wells 

Fargo Bldg., San Francisco, May 29 1920 
*BETHLEHEM, PrennA., City or. 37 E. Broad Street, Bethle- 

Beverty Hinus Water Department. C. L. Kimball, Field 

Supt., City Hall, Beverly Hills, Cal................... Sept. 21, 1926 


BIRMINGHAM WaTER Co. 22 Elizabeth St., Derby, Conn..... May 26, 1909 
BouLpDER WaTER DepaRTMENT. E. W. Devalon, Director of 
an. 27, 1927 
*BRAMPTON WATER ComMIssIoN. Brampton, Ont., Canada.. Feb. 28, 1923 
BRANTFORD WATER CoMMISSIONERS. Brantford, Ont.,Canada May 15, 1914 
orrtaa Ramen of Water, 2 Municipal Bldg., Buffalo, 


BurBaNnk, Public Service Department, J. H. McCam- 
bridge, Genl. Supt., 124 N. Olive, Burbank, Calif...... June 6, 1927 
*Canon City, Coro. Alfred W. Stedman, Water Supt. & 
Plumbing Inspector, City Hall, Canon City, Colo..... Apr. 13, 1926 
CrnTRAL Pusuic Serv. Co. D. W. Johnson, Water 
Engr., Public Service Bldg., Springfield, Ill............ Mar. 22, 1927 
CHARLESTON COMMISSIONERS OF PusLic Works, 14 George 
CHaTHAM, Ont. Board of Water Commissioners, C. H. R. 
Fuller, City Mgr., Chatham, Ont., Canada............ Feb. 16, 1924 


Crrizens Water Co. 62 E. Wheeling St., Washington, Pa.. Jan. 6, 1927 
*CiT1IzENS WATER Suppty Co. Elmhurst, LongIsland,N.Y. Jan. 30, 1911 
Community Water Service Co. Reeves J. Newsom, Vice 

Pres., 46 Cedar 6t., Now York, Jan. 6, 1927 
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Connecticut State Dept. or HEAttH. 8 Washington Street, 


ConsERVATIVE WaTER Co. W. W. Pedder, Pres., 8619 Fir St., 
Cornine WaTeR Works. Corning, N. 
Creston, Iowa. Taxpayers Municipal Water Works, Cres- 


Datuas Waterworks. 8. E. Moss, Commissioner, 
Dayton Power & Lieut Co. 130 North South St., Att’n 
H. I. Fox, Supt., Wilmington, Ohio.................... 
*DELAVAN Waren Commission. O O.W. Blanchard, Supt., Dela- 
Demine Water Dept. Municipal Plant, Deming, N. Mex.. 
Dover Water CoMMISSIONERS. Jos. V. Baker, Clerk, 


Dusvuque City "Water Works. J. W. McEvoy, Supt., 
DunsBaR WatER Co. Dunbar, W. 


*East Bay Water Co. S. M. Marks, Secy., Oakland, Calif. . 
East ORANGE BoarD or WATER CoMMISSIONERS. Paul C. 
Carey, President, East Orange, N. J................... 
a Wisse Co. 835 Lawrence Ave., Ellwood City, 
Water Boarp. Elmira, N. 
Emporia WaTER DEPARTMENT. City Bldg., Emporia, Kans.. 
*EmporiuM WaTER Co. Emporium, Pa..................... 
Enpicorr Water Works Co. Earle J. Grippen, Supt., Endi- 
Erte ComMIssioneRSs WaTER Works. 701 French St., Erie, 


FLINT, Micn. Board of Water 509 Harrison 


Fonp pu Lac, Micu. City Water L. P. Peeke, 
Superintendent, Fond Du Lad, Wises 


GANANOQUE WaTER Works Commission. H.D. Rogers, Supt. 
Gananoque, Ont., 
GENERAL Inspection Bureau. Lock Drawer 1746, Min- 


Guen Ringe Water Department. A. F. Glen 
*GLENS Boarp or WATER Commissioners. Glens Falls, 


Sept. 6, 1924 


Nov. 3, 1919 
Apr. 9, 1913 


May 10, 1919 


June 6, 1927 
Feb. 16, 1924 


June 10, 1923 
May 21, 1919 


May 22, 1918 


May 13, 1919 
Mar. 19, 1924 


June 24, 1915 
Aug. 14, 1909 
Jan. 19, 1925 
Mar. 11, 1915 
Jan. 16, 1924 
Mar. 6, 1926 
Feb. 28, 1928 


May 31, 1911 
May 7, 1906 


May 22, 1919 
Mar. 16, 1926 


Oct. 24, 1918 
Oct. 22, 1926 
Feb. 14, 1913 


EVANSVILLE WaTeR Works. Evansville, Ind................ 
Mar. 8, 1920 
Nov. 18, 1925 a 

Dec. 24, 1914 as 

Oct. 27, 1922 

3 
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Great Faris Water Dept. Great Falls, Montana......... Jan. 31, 1925 
GreEELEy, Coto. M. Seaman, Water Supt., Greeley, Colo... Apr. 30, 1926 
Green Bay WaTeR Dzpr. James Church, ‘Supt., Green Bay, 

Grirrin Licut, Water & SeweraGe Dept. Griffin, Geor Feb. 16, 1924 
Grimssy, Ont. Water Commission, W. B. Smith, Chief 


gineer & , Grimsby, Ont., Feb. 23, 1927 
*GuELPH, ONT Nicklin, City City Hall, 

Guelph, Ont., Gunade » Mar. 25, 1924 
Srares Co. Louisiana Division, Lake 

*GUNTERSVILLE WaTER Works. J. L. McIntyre, Supt., Gun- 


*Honotutu City anp County, DEPARTMENT OF PUBLIC 


i‘ Works. Kapiolani Building, Honolulu, T. H........... nal 20, 1927 
Co. Hopkinsville, Ky................ 23, 1915 
Hor Sprinas Water Co. Hot Springs, Ark............. '*> ar. 23, 1920 


Ipano Surveyine & Ratinea Bureav. P. O. Box 1059, Boise, 


In10n Boarp or WaTER ComMISSIONERS. Ilion, N. Y........ Mar. 31, 1924 
InsPecTION Bureau. 108 E. Ohio Street, Chicago, 


*INDIANA StaTE Boarp or Water & SEWAGE 
MENT. Lewis S. Finch, Director, Indianapolis, Ind.. June 15, 1926 


*InTeRSTATE Pusiic Service Co. New Albany, Ind... .. Feb. 10, 1910 
Ironwoop WaTER Dept. Dowl. Sears, Ironwood, Mich.. May 17, 1920 
Jounson City Water Depr. Arthur J. Merrill, Supt., John- 

Kansas City, Mo. Director of the Water Dept., City Hall, 

Ketso Water Dept. A. L. Mrnarp, Water Commissioner, 

Kennesec Water Dist., Trustees. George K. Boutelle, 

*Kentucky State Boarp or Heatta. F.C. Dugan, Detr. 

Bur. San, Eng., 532 W. Main St. Louisville, Ky....... Feb. 5, 1915 
Kentucky Urinities Co.. 1350 Starks Bldg., Louisville, Ky. Feb. 13, 1905 
KitcHener Water Commission. Kitchener, "Canada......... Feb. 17, 1920 
*KNOXVILLE WATER Dept. City Hall Park Building, Knox- 

*Laxe Forest WATER DEPARTMENT. J. C. MeNicol, Mgr., 


Lanert Corron M. R. Wallis, West Point, Mar. 1, 1924 
*LawrRENcE, Kans. Engineering Department, Hough, 

City Engr. & Wtr. Supt., City Hall, Lawrence, Kansas Feb. 17, 1927 
LEAMINGTON, ONTARIO, CANADA, CorPoRATION oF TOWN OF.. May 30, 1925 


LewIstowN-REEDSVILLE WATER Co. Lewistown, Pa........ May 14, 1922 
Lincotn City Water & Lra. Dept. City Hall, Lincoln, 


Lockport BoarD oF WaTER COMMISSIONERS. 
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Lonpon, Canapa, Pusuic Urtitiries CoMMISSION........... 
Los ANGELES, Cauir. William Mulholland, Chf. Engr., 
pee of Water Works & Supply, Box 497, Los Angeles, 

Los ANGELES WaTER ServiceCo. J.L. Munson, Pres., 214 E. 
96th St., Los Angeles, 
LovIsvILLE Co. 435 So. Third St., Louisville, Ky..... 


*Mapera, Cauir. Municipal Water Works, O. C. Owens, 

Supt., City Hall, Madera, Calif....................... 
Manonine Water Co. Struthers, Ohio............. 
*“Matmo ByaanapsxonTor. Alfred Jerden, Chf. Engr., 


Apr. 9, 1909 


Apr. 18, 1910 


Oct. 27, 1925 
Apr. 9, 1909 
Apr. 13, 1926 


June 17, 1926 
July 26, 1916 


Marion Water Co. George Whysall, Treas. and Gen. Mgr., 

MAssILLon. Water Suprry Co. Watson A. Dark, Supt., 

Meics Water Co. C. M. Herminy, Gen. Mgr., Mid- 

Mempuis, TENN. Board of Water Commissioners, James 

Sheahan, Gen. Supt., Memphis, Tenn.................. Apr. 2, 1909 
*MERRITTON, Ont. Water Works epartment, Public Utilities 

Commission, Merritton, Ont., Canada................. June 17, 1926 
Bp. Water Suppiy AND Sewaae. 341 Pitt 

MIppLETOWN WaTEeR Works. G. Allen Schaefer, Middle- 

*Mipianp Pustic Uriuities Comm. P.O. Box 548, Midland, 

Vatuiry, Cauir. H. C. Symonds, 147 Monte Vista 

MILLVILLE WaTER Co. Millville, Jan. 11, 1916 
MINNEAPOLIS CoMMITTEE ON WaTER Works. Wm. R. Young, 

Registrar, Minneapolis, Minn..................0.0+- June 17, 1920 
Mouine WaTER DEPARTMENT, City Hall, Moline, Ill........ Jan. 29, 1916 
Bureau oF Suppty. Montclair, New 

Mr. Giteap Water, Ligut, Heat & Power Co., Mt. Gilead, 

Mount Hotty Water Co. Mount Holly, N. J.............. Apr. 30, 1924 
MonicipaL Water Co. or C.B. Shapker, President, 

115 W. Adams St., Chicago, Ill..................-2.05- May 28, 1926 
WaTEeR Muscatine, I................ May 9, 1921 
NEGOCIADO DE ACUEDUCTOSY, ALCANTARILLADO. Secretaria de 

Obras Publicas, Havana, Cuba..................0-.8 Apr. 10, 1926 
*New JersEY Dept. CONSERVATION AND DEVELOPMENT. H.T. 

Critchlow, H. E., State House, Trenton, N. J.......... Jan. 26, 1922 
New Jersey Water Co. 610 Station Ave., Haddon Heights, 

*New Mexico Power Co. Santa Fe, N. Mex............... Mar. 12, 1924 
New Rocuette Water Co. 514 Main St., New Rochelle, 

Nortu Daxora STATE REGULATORY DEPARTMENT. R. O. Baird, 

Box 653, Bismarck, N. Dak... Jan. 19, 1926 
Norts Jersey District WATER Suppty Comm. 20 Clinton 

May 26, 1925 
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NORTHAMPTON CONSOLIDATED WaTER Co. 102 So. 3rd St., 
*Norton, Va. Water Dept., E. H. Ruehl, Mgr., Norton, Va. 


Osras SANITARIAS DE LA Nacton. Direccion Tecnica, Char- 
ona 1840, Buenos Aires, A.B... 
Osras SANITARIAS OF EntTRE Rios. Alberto F. Laurencena, 
President of Directory, Parana, A. R.................. 
INSPECTION Hartman Bldg., Columbus, Ohio. 
OmanHa, NesBrR. Metropolitan Utilities District, Utilities 
Bldg., Harney at Eighteenth St., Omaha, Nebr........ 
OsweGo DEPARTMENT OF WATER. Oswego, N.Y. ........... 
*OwreGo WaTeR WorkKSCo. Owegu,N. 


Paciric Water Co. S. E. Stern, Pres., 211 Second Ave., San 


Prorta WatTeR Works Co. Peoria, Ill...................... 
PETERBOROUGH, ONT. R. L. Dobbin, Waterworks Supt., 
622 George St., Peterborough, Ont., Can............... 
Pontiac, Micu. Dept. of Water Supply, G. D. Kennedy, 
PorTLAND Dept. or Pusuic UTILITIES. Room 302, City Hall, 
Lumsper Co. W. D. Humiston, Potlatch, Ida..... 
Boarp or Pusiic Works. Water Department, 
Provipence, R. I. Water Maintenance Dept. City Hall, 


walang Water Works Commission. 314 Maine St., Quincy, 


Reaina, Sask., WATERWORKS DeparRTMENT. City Hall, 


Saainaw WaTerR Dept. Saginaw, Mich..................... 
*St. Mary’s Onvt., Boarp or Water, Licut & Heat Comn., 

*St. Taomas, Ont. Colonel A. F. McLachlin, F.C.I.C., Ross 


Street, St. Thomas, Ont., Canada..................... 
Satina Water H. L. Brown, Supt., Salina, 


*Satt Laxe City Water Dept. H. K. Burton, Supt., Salt 


Dec. 5, 1915 
Jan. 10, 1925 


Jan. 1, 1926 


Apr. 21, 1928 
Jan. 30, 1924 


Apr. 28, 1912 


June 1, 1921 
Apr. 16, 1914 


Oct. 29, 1926 


Oct. 14, 1924 
Oct. 30, 1914 


May 26, 1927 


Sept. 8, 1924 
Jan. 6, 1927 


May 2, 1911 
June 6, 1927 


Dec. 17, 1917 
Apr. 12, 1928 


Dec. 11, 1912 
Oct. 9, 1924 


Apr. 4, 1927 


Mar. 20, 1916 


Apr. 4, 1924 
July 22, 1926 


Dec. 3, 1904 
Apr. 25, 1922 
Apr. 12, 1904 
Nov. 3, 1919 
Apr. 11, 1909 . 
Feb. 17, 1927 
Feb. 17, 1920 


| 

4 PasaDENA WaTER Dept. S. B. Morris, Chief Engineer, City 

é Hall, Civic Center, Room 319, Pasadena, Calif......... P| 

PENNICHUCK WaTeR Works. 11 High St., Nashua, N.H..... 

PENNSYLVANIA STaTE WAaTERCoRP. Reeves J. Newsom, Pres. 

114 Bo. Front Miltom, Be... 

*PropLes Arizona Gas & Etec. Corp. P.O. Box 1159, Bisbee, 

Bureau or Water. Room 209, City Hall, Reading, 

*RIVERSIDE, Catir. Water Department..................... 
Roanoke Water Works Co. Francis W. Collins, Cons. 

Engr., 452 Lexington Ave., New York, N. Y............. 
Rome. Department of Public — Bureau of 
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San Jose Water Works. H. S. Kittredge, Pres., 374 W. 
&., Bon Jose, Cal... 
*Santa Monica, Cauir. Water Department, City Hall, Santa 
Scranton Gas AND WaTER Co. 135 Jefferson Ave., Scranton, 


Sea Breeze & Vicinity Wrr. Com. Henry Fleig, Sect., 
Seatrite Water Dept. W. B Supt., County-City 
or WaTER Comnrs. City Hall, Sheboy- 
SHENANDOAH COMMISSIONERS OF WATER Works. Shenan- 
SuenanGo VALLEY Water Co. 24 So. Dock St., Sharon, Pa. 
SHERRILL-KENWOOoD WaTER CoMMISSION. Stephen R. Leon- 
ard, Chairman, Kenwood, Oneida, N. Y................ 
*S1oux Fats WaTER Works. R. Rees, Supt., Sioux Falls, S. 


*SpokaNne, Wasu. Alex. Lindsay, Superintendent Water Di- 
vision, Room 302, City Hall, Spokane, Wash........... 

SuBURBAN Water Co. or ALLEGHENY Counry. Verona, Pa... 

re Water WorksCo. J.C. Robbins, Pres. , Babylon, 


SwEEtwaTER Company. National City, Calif....... 


Syracuse Bureau or Water. Syracuse, N. Y.............. 
Powsr Co. Badin, N. 
Texas-Lovrstana Power Co. Fort Worth Club Bldg., Fort 


Toronto, Ouro, Boarp or PusuicArrairs. J. B. Thompson, 

Trorrer Water Co. C. L. Farson, Supt., P. O. Box 308, 


Troy Bureau or Water. William Luby, Troy, N. Y........ 
TRUCKEE RiveR Power Co. Reno, 
URBAN Co. Maurice & Borden Ave., Mas- 
UrrecatscHe WATERLEIDING. Maatschappij, Utrecht, 15 
Predikheerenkerkhof, Holland... ........... 


VaLLEso City Water Dept. J. L. Cunningham, Clerk, City 


Waco Water Works. 617 Washington Ave., beg Texas... 
Wantawa Water Co., Ltd. Wahiawa, Oahu, T. H......:.:. 
*WATERTOWN WaTER Works. Watertown, N.Y 
WELLAND, Ont., Boarp oF WATER Commission. L. Rochar, 
WENATCHEE WATER Dept. Fred J. Sharkey, Supt., Wenat- 
Wrst Newton Water Co. West Newton, Pa................ 
*West Virainia Water Service Co. H. M. Cogan, Genl. 


Apr. 
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21, 1913 


June 5, 1926 
June 3, 1912 


Feb. 
July 


23, 1920 
23, 1928 


June 21, 1920 


May 
Apr. 


Apr. 
May 


Apr. 
Apr. 


June 
June 
Jan. 


Nov. 
. 30, 1928 


. 23, 1924 
. 20, 1920 


. 4, 1911 


19, 1924 
10, 1922 


24, 1921 
24, 1927 


5, 1912 
10, 1909 


15, 1926 
15, 1926 
16, 1923 


15, 1924 


8, 1909 


26, 1921 
28, 1924 
4, 1913 


. 20, 1912 
. 9, 1922 


11, 1924 


. 16, 1910 
20, 1923 


8, 1909 
7, 1920 


20, 1928 
24, 1922 


P: 

Feb 
Oct 

May 
Jul 
u 
M 4 
ay 
Feb. 
Oct 
No 
June 

pr 
June 
Ma 
y 
Jan. 
May 
Sept 
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Verge York Water Co. 11 Niagara St., Buffalo, 
*Wuitsy, Ont., Pusiic Utitiry Commission. George W. P. 
Every, Supt., Municipal Waterworks Dept., Whitby, 
Wutre Deer Mountain Water Co. 114 So. Front St., 
Waite Puains Dept. or Pusiic Works. William I. Collyer, 
Water Supt., White Plains, N. Y....:.............005- 
Wuirtier, Cauir. M. R. Bower, City Water Superintendent, 
WitttamMsport Water Co. 330 Pine St. , Williamsport, Pa.. 
Winpsor Ont., WATER COMMISSIONERS. Windsor, Ont...... 


Winona Boarp Or MuntcrpaL Works. Winona, Minnesota. 


Apr. 15, 1913 


Feb. 23, 1924 
May 5, 1914 
July 31, 1916 


Dec. 16, 1926 
Apr. 15, 1907 
Feb. 19, 1923 
June 21, 1920 
Dec. 11, 1922 


a 

= 
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Mra. Co. Milwaukee, Wis................ 
AMBURSEN Inc. Grand Central Terminal 
American Brass Co., Tue. yO Dept., Waterbury, Conn.. 
AMERICAN CAST IRON Pirz Co. P. O. Boxes 151-152, Bir- 


“AMERICAN City.”’ 443 Fourth Ave., New York, N. Y........ 
AMERICAN Founpry & Mra. Co. 10th, 11th, Hebertt and 


American Macuine & Founpry Co. J. D. McCarthy Adv. 
Mgr., 5502-5524 Second Ave., Brooklyn, N. Y.......... 
American Routine Mitt Co. R. C. Beam, Development 
Dept., Sales Div. Middletown, Ohio................... 
AMERICAN SEAMLESS TUBE CORPORATION OF CALIFORNIA. 710 
Petroleum Securities Bldg., Los Angeles, Calif......... 
AMERICAN SteEL & Wire Co. Chemical & Color Dept., 


208 South LaSalle St., Chicago, Ill................... 
American Water Sorrener Co. high Ave. & Fourth St., 
AmeERICAN WeLL Works, Tue. Aurora, Illinois............ 
Ae. ae & Co., Inc. 18th Floor, 350 Madison 
ART Ono Works. Mfrs. Meter Boxes, P. O. Box 417, 


Corp. 1440 New York, 


Automatic Primer Co. F. H. Bradford, Pres., 111 W. Wash- 


Witcox Co. J. B. Chemist, 


Bayrarp, M. L. 20th St. & Indiana Ave., Philadelphia, Pa.. 
Beatu Piepe & Tank Corp. John S. Beall, Pres., Portland, 


Betmont Smettine & Rerinina Works. 330 Belmont Ave., 
Bent Concrete Pipe Co. 419 Grosse Bldg., Los Angeles, 


Brags BorteR Works Company. Mr. F. G. Sherbondy, Sect.- 
Treas., Bank & Williams Streets, Akron, Ohio......... 
Co. 1521-1523 Sedgwick St., Chi- 
Bourson Copper & Brass Works Co. 618 E. Front St., 
mas Founpry Co. 1688 Columbus Road, Cleveland, 


Dec. 


June 


Mar. 


Apr. 


May 
June 
Jan. 

Mar. 
Apr. 
Dec. 


Oct. 


Apr. 
May 
Apr. 
July 


14, 1923 


. 21, 1923 
. 21, 1913 


13, 1920 
6, 1927 
13, 1925 
4, 1924 


28, 1924 
8, 1904 
26, 1926 
31, 1922 
12, 1928 
13, 1928 
18, 1928 
28, 1925 
11, 1916 
17, 1884 
6, 1922 


June 24, 1905 ae 
Jan. 29, 1921 
Aug. 10, 1922 oe 
July 18, 1907 
May 25, 1918 ae 
May 12, 1908 a 
Feb. 8, 1928 

Jan. 31, 1927 = 
Sept. 12, 1927 oF 
June 24, 1903 = 

july 

Mar 
Nov 

TOMATIC ONE ALVE O acker rive, 1cago, 
Ore 
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Buckeye TRAcTION DitcueR Co. C. D. Royce, Sales & Avd. 
BurraLo Meter Co. 2917 Main St., Buffalo, N. Y........... 
Burtpers Iron Founpry, 9 Codding St., Providence, R. I... 
Burrovucus Appine Macuine Co. A. 8. Trew, Public Utili- 
ties Sale, Second Boulevard, Detroit, Mich............ 


Byers, A.M., Co. 235 Water St., Pittsburgh, Pa............. 
CALIFORNIA CORRUGATED CuLVERT Company. 5th & Parker 
MererCo. 687-89 So. Clarance St., Los Angeles, 

Church & Court Sts., Toronto, Ont., 


CANADIAN Co., Ltp. Windsor, Ont. Canada........... 
Cement Gun Construction Company. 58 Sutter St., San 


Cement Linep Pirz Co. 591 Washington St., Lynn, Mass... 
CENTRAL Founpry Co. Graybar Bldg., 420 Lexington Ave., 


CHAPMAN VALVE Mra. Co. Indian Orchard, Mass........... 
Cuicaco Bripce & Iron Works., 37 W. Van Buren S&t., 

Cuicaco CuHEmicaL Co. 6216 W. 66th Place, Chicago, Ill.... 
Criark, H.W.,Co. Box 563, Mattoon, Ill............ 
oad: 9 B., & Sons, Harrison & Franklin Sts., Chicago, 
Corrin VALVE Co., Neponset, 
Conors Mitt Co. Canvass & Cortland Sts., 

CoLpWELL-Witcox Co. Newburgh, N. 
Cotorapo Furi & Iron Co. Denver, Colo.................. 
CoLuMBIAN Iron Works. Chattanooga, Tenn............... 
Coox, A. D., Inc. Manufacturer of Deep Well Pumps & 

Strainers, Lawrenceburg, 


Copper & Brass Researcn Assoc. Wm. G. Schneider, 25 
Crane Company. A. M. Houser, Engineer of Product, 836 
S. Michigan Ave. Chicago, 
Crane, THERON I. Vice Pres., Talbot Non-Corrosive Linings 
Co., 1114 Widener Bldg., Philadelphia, Pa............. 


DaruineG VALVE & Man’ra. Co. Williamsport, Penna....... 
Dayton-Dowp Co. Quincy, IIl..... 
a CuEmicaL Co. 310 So. Michigan Ave., Chicago, 
De Lavat Steam ToursBine Co. H. L. Watson, Sales Mgr., 
Dona.pson Iron Co. Emaus, Lehigh Co., Pa............... 
Tue Dorr Co., Inc. 247 Park Ave., New York, N. Y....... 
Dravo-Doyte Co. J. D. Berg, Vice-Pres., Diamond Bank 
Drummonp, McCatt & Co., Ltp. Toronto, Ont., Canada... 
pu Pont pg Nemoors, E.I.&Co. R.H. Dufault, Sales Mgr., 
Acid & Heavy Chemical Division, 3500 Grays Ferry 


East Jersey Pipe Co. 7 Dey St., New York, N.Y........... 


May 26, 1920 
June 27, 1905 
June 18, 1901 
Mar. 30, 1926 
June 15, 1921 
Aug. 24, 1927 
June 6, 1927 


May 31, 1916 
May 5, 1928 


Oct. 13, 1926 
May 28, 1924 


June 24, 1903 
Apr. 16, 1884 


June 15, 1908 
June 6, 1927 
May 12, 1908 


Apr. 27, 1885 
May 21, 1922 


Jan. 2, 1924 
Apr. 17, 1914 
June 7, 1897 
Apr. 4, 1910 
June 14, 1914 
Aug. 28, 1923 
Jan. 25, 1926 
Mar. 27, 1926 


May 12, 1908 
July 5, 1922 


June 6, 1927 
Nov. 23, 1917 
Nov. 23, 1917 
June 1, 1927 
May 12, 1914 
Mar. 5, 1921 
May 12, 1908 


July 10, 1906 
June 26, 1886 


— 
Be 
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Epson MANUFACTURING Corp. 375 Broadway, Boston ‘11’, 
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Exectro Gas Co. 9 E, 41st St., New York, 

ELEectrozone Corp. 5949 Grand Central Terminal Bldg., 

Now Boek, VIA Dec. 29, 1927 
“nNGINEERING & CONTRACTING.” 221 E. 20th St., Chicago, 

“ENGINEERING News-Recorp.”’ 10th Ave. at 36th St., New 

Was May 31, 1918 
Farrpanks Company. E. F. Ryan, Works Mgr., Glenwood 

Ave:, Binghampton, N. Mar. 30, 1926 
FatrBanks, Morse & Co. Research Division, Chicago, Ill... Mar. 23, 1925 
Farnan Brass Works Co. 1104 Center St., Cleveland, Ohio. May 18, 1892 
Freperat Merer Corp., East Orange, N. May 23, 1923 
FLEISCHMANN Co. Peekskill, N. Y..............--eeeccceeee June 15, 1922 
Forp Meter Box Co. Wabash. Ind...............---..---- May 12, 1908 
Forni MANvFAcTuRING Co. 1377 62nd St., Oakland, Cal... Aug. 28, 1924 
Fox, Jonn, & Co. 233 Broadway, New York City, te, SR June 8 1909 
Gamon Meter Co. Newark, May 19. 1920 
GENERAL Co. 300 W. Adams St., Chicago, Ill...... June 11, 1902 
GENERAL Exvectric Co. Mr. Lee F. Adams, Industrial 

Engineering Dept., Schenectady, N. Y................. June 1, 1921 
GroraiaA-LovuIsIANA Corp. East Point, Ga................. July 31, 1928 
Grant Manvracturtne Co. Council Bluffs, Iowa... .... Jan. 5, 1925 
Giuuespigz, T. A., Co. 7 Dey St., New York, 2° Y.. .. June 7, 1904 
Guamoraan & FounpRY Co.” Lynchburg, Alen Nov. 6, 1907 
Guauser Brass Mra. Co. Platt Ave. & i 79th St., 

GREENBERG’S Sons, M. Fire Hydrant & Valve Mfrs., 765 

Folsom St., at Alice St., San Francisco, Cal..°........ Sept. 30, 1924 
Grirrin Foy.& Mra.Co. M.N. Griffin, Pres., Rome Ga. ... dune 30, 1926 
GRINNELL Co., Inc. P.O. Box 336, Charlotte, hk . May 17, 1923 
Guriry,W.&L.E. 514 Fulton St., Troy, N. Y..:........... Apr. 16, 1919 
HanxIn, Francis, & Co., Lrp. 598-604 Union Ave., Mon- 

troal, Candida; 2205. June 19, 1920 
Hanks Co., Frep W. Fred W. Hanks, Mgr., 10624 St. Clair 

Harvesty Mre. Co. /R. 3lst & Blake Sts., Denver, Colo.... Mar. 31, 1925. 
Hays Mra. Co. Erie, Mar. 15, 1882: 
& Boutruorr Mra. & Suprpty Co. James S. Smith, 

1635 Seventeenth St., Denver, Colo.................... Mar. 22, 1926 
Hersry Mra. Co. South Boston, July 14, 1887 
Hooxer Execrrocnemican Co. G. F. Reale, 25 Pine St.., 

HUNGERFORD & Terry, Dec. 31, 1926. 
Hypraviic DeveLopMent Co. 296 Boylston St., Boston, 

INGERSOLL, Ranp Co. 11 Broadway, New York City....... Oct. 31, 1922 
INTERNATIONAL FILTER Co. 333 W. 25th Place, Chicago, Ill. Nov. 3, 1915 
INTERSTATE Macutnery & Suprpty Co. 1006-8-10 Douglas 

Byron Jackson Pump Mra. Co. West Berkeley, Cal.. Sept. 30, 1924 
JANNSEN, NewMAaNC. 3101 L. C. Smith Bldg., Seattle, Wash.. Mar. 28, 1928 
JENKINS ‘Bros., Lrp. 103 St. Remi St., Montreal, Canada... May 20, 1920 


2 
af 
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Jounson, Epwarp E., Inc. 2304 Long Ave., St. Paul, Minn.. 
Jones, James, Co. W. B. Jones, Secy., 201 Leroy St., Los 


KALBFLEISCH CorPORATION. 200 Fifth Ave., New York, N.Y. 
Co. 1123 E. Third St., Grand {sland, Nebr..... 
Hersert Kennepy & Co., Inc. Sales Agents, Pont-a- 

Mousson Pipe, 475 Fifth Ave., New York, N. Y........ 
Mra.Co. M.E. Kennedy, Treas., Elmira, 


La Morre Cuemicat Propucts Co. McCormick Bldg., 

AND Co. Memphis, Tenn.................... 
Leap Linep Iron Pipe Co., THe. Wakefield, Mass.......... 
none ees Nabe Inc., THE. Land Title Building, Philadel- 

Linpe Arr Propucts Co. R. W. Boggs, 30 E. 42nd St., New 

Lock Joint Pipe Co. Box 21, Ampere, N.J. 
Luptow Vatve Mra. Co. Troy,N. 
LyncuBurG Founpry Co. Lynchburg, 


McC.oskEy Torcu Co. 3343 Collingwood Ave., Toledo, Ohio. 
McEver.ast, Inc. 111 W. 7th St., Los Angeles, Calif....... 


McWane Cast Iron Pipe Co. Birmingham, Ala........... 
Masses Hypravuuic Packina Co. 431 S. Dearborn St., 


Macuinery Pipe & Suppty Co. 200—9th, San Diego, Calif. 
MacLean, Huex C., Pusiications, Lrp. Pblir. Trade & 

Tech. Jls. , 347 Adelaide St. W., Toronto, Ont., Canada... 
MATHIESON ALKALI Works, Inc. 250 Park Ave., New York, 


Mrracie Construction Co. 1604 Dale St., San Diego, Calif. . 
Mississipr1 Lime & Marertat Co. Mr. C. C. Schmoeller, 
MopeERN Iron Works. Quincy, 
MonracuE Pipe & Street Co. 803 Hobart Building, San 
Moore Brotuers. 415 Virginia Ave., Elkhart, Ind......... 
Monn, I. P., Corp. Richmond & Norris Sts., Philadelphia, 
Morris Wxs. Baldwinsville, N. Y................ 
MveE.LuLER Brass Co. O. B. Mueller, Port Huron, Mich..... 
Mottiptex Mra. Co. Multiplex Bldg.. Berwick, Pa........ 
Morray Iron Works Co. Burlington, Iowa.........-...... 


NATIONAL ALUMINATE Corp. 6216W. 66th Place, Chicago, III. 
Nationat Cast Iron Pipe Co. E. E. Linthicum, Pres., 

NationaL Iron Corpn., Lrp. Cherry St., Toronto, Ont., 


May 17, 1922 
Oct. 20, 1921 


June 8, 1906 
Jan. 7, 1924 


Sept. 8, 1928 
Mar. 24, 1911 
June 1, 1927 
June 1, 1927 


May 14, 1926 
June 5, 1916 
Oct. 5, 1898 


Feb. 10, 1910 


Mar. 31, 1928 
Oct. 5, 1915 
Mar. 5, 1882 
June 6, 1916 


June 6, 1927 
Nov. 27, 1926 
Apr. 23, 1923 


May 7, 1923 
Nov. 15, 1926 


June 2, 1920 
Mar. 16, 1920 


June 7, 1919 
June 11, 1928 


June 20, 1925 
June 27, 1905 


Dec. 31, 1922 
Nov. 4, 1926 


Oct. 21, 1927 
July 31, 1923 
June 6, 1927 
Mar. 15, 1882 
May 7, 1916 
Mar. 6, 1923 


June 21, 1926 


May 17, 1916 
Oct. 22, 1921 


KeEystongE DritterR Company. Will R. Cook, Mgr., Pump 
Department, Beaver Falls, 
Kinesspury Macnine Works, Inc. 4324 Tackawanna St., 
Frankford, Philadelphia, 
MicuigaAN VaLvE & Founpry Co. 3631 Parkinson Ave., 
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NATIONAL MeTeR Co, 299 Broadway, New York, N. Y....... Mar. 15, 
NatTIonaL TuBeE Co. W.L. Schaeffer, 1902 Frick Bldg. ., Pitts- 

NATIONAL WATER Co. 50 Church St., New 

NELSON, Jos. E., & Sons. Contractors, 3240 S. Michigan 

Meter Co. 50 East 42nd St., New York, N. Y...... Aug. 22, 
NORTHERN GRAVEL Co. G. H. Boynton, Pres., American 

Savings Bk. Bldg., Muscatine, Iowa..................- Jan. 31, 
Onto Dritiine Co. Thos. O. Poe, Massillon, Ohio......... June 17, 
Onto Varnish Company. Mr. J. P. Deery, 8709 Kinsman 

Osweco Pipe Co. 205 Porter Bldg., Portland, Ore........... Dec. 8, 
Ortrawa Sinica Co. P. 8. McDougall, Gen. Mgr., Ottawa, 

Paciric Pump Works. 350 Bickett Street, Huntington Park, 

Call, .... bob dads Aug. 8, 
Paciric States Cast Iron Pipe Co. P. O. Box 18, Provo, 

PaRKER APPLIANCE Co. 10320 Berea Rd., Cleveland, Ohio.. May 11, 
Parsons Company. Newton, Iowa.....................2005: Dec. 10, 
Parsons, Kuapp, BrickerHorr & Dovetas. Consulting 

Engineers, 84 Pine St., New York, N. Y............... July 26, 
Prer.ess PumpCo. P. O. Box 493, Massillon, Ohio......... June 6, 
PENNSYLVANIA Satt Mra. Co. Widener Building, Phila- 

Penstock Construction Co. F. M. Strecker, President, 

PermutTitCo. 440 Fourth Ave., Mar. 11, 


PITOMETER Co. 50Church St., New York, N. Y.............. July 10, 
PirrspurGH-Des Mornss STEEL Co. Pittsburgh, JA Apr. 14, 
PirtspureH EquitaBLE Meter Co. Wilkinsburg Branch 

PirrspurcH TEsTING LABORATORY. P. O. Box 1115, Pitts- 

G., Co., Inc. 142 Raymond St., Brooklyn, 

Pomona Mra. Co. 206 E. Commercial St., Pomona, Calif. . May 24, 

CEMENT AssocIATION. 33 W. Grand Ave., Chicago, 

Price BrotuersCo. H. D. Knight, Chief Engr.,1012 Harries 

‘“‘Pupitic Works.” 243 West 39th St., New York, N. Y....... May 25, 
R.U.V.Co. 7 Burritt Ave., South Norwalk, Conn.......... June 6, 
RaymMonp Equipment Co. P. O. Box 1613, 1017 Piedmont 

Road, Charsestom, W. ces Jan. 11, 
Repusuic Brass Co. 1617-33 fe. 45th St., Cleveland, Ohio.. Mar. 31, 
Repustic Meters Co. 2240 Diversey Parkway, 
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1882 
1921 
1906 


1919 
1894 


1927 
1926 


1925 
1927 


1927 


1927 
1927 
1927 
1925 


1922 
1927 


1903 


1925 
1914 


1909 
1927 
1906 
1914 
1898 
1915 


1926 
1927 


1917 


1928 
1918 


1917 
1926 
1890 
1928 


1927 


|_| 
PHOENIX METER Co. 5906 Amboy Rd., Princes Bay, S. I., ea 
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Rex Tappine Macuine Co. L. M. Biddle, 919 Sonoma St., 

Rica Stee, Propucts Company. 3855 Santa Fe Ave., Los 

Rirer Conutey Co. Box 939, Pittsburgh, Pa................ 
Roserts Fitter Mrg. Co. Darby, Philadelphia, Pa........ 
Rome Brass & Copper Co. Rome, N. 
Ross Co., Inc. Oakwood Ave., Troy, N. Y..... 
8. E. = Vatve & Hyprant Co. 50 Church St., New York, 


Savace, W. J., Co. Knoxville, 
ScorieLp ENGINEERING Co. 1324 Commercial Trust Bldg., 


Suanp & Jurs Co. 917 Carlton St., Berkeley, Calif......... 
SmmpLex Vatve & Meter Co. 5722 Race St., Philadelphia, 


veins Read Works, Inc. 6468. California St., Stockton, 
Stone & Wesster, Inc. Dana M. Wood, 147 Milk Street, 

ree Macuinery Co. 122 S. Michigan Ave., Chicago, 
Sypnor Pump & Weut Co., Inc. Thos. G. Sydnor, Pres., 


Tayrtor, W.P., Co. 218 Ellicott Square, Buffalo, N. Y....... 
Tuompson, WiiuiaM H., Co., Inc. Water Main Cleaning 

Contrs., 501 Linwood Ave., Buffalo, N. Y.............. 
THoMSON-ADRIANCE, Inc. 253 Broadway, New York, N. Y.. 
TuHomson Meter Co. 50 E. 42nd St., New York, N. Y...... 
TRAVERSE City Iron Works. Box 67, Traverse City, Mich. 


Unirep Leap Co., 111 Broadway, New York, N. Y............ 
Unitep States Cast Iron Pipe & Founpry Co., 1421 Chest- 


Van GitperR Water Meter Co. Chester & Grant Aves., 
VarAeHR Company OF America, 26 Broadway, New York, 


Oct. 


Sept. 


June 
Mar. 
Aug. 
Apr. 


Apr. 


Apr. 
May 


June 
Apr. 


27, 1925 


26, 1927 
11, 1924 
23, 1910 
31, 1928 
18, 1891 


14, 1924 


27, 1915 
31, 1919 


7, 1921 
12, 1928 


May 14, 1914 


Mar. 


Sept. 


June 


Nov. 


Aug. 
Jan. 


May 


Mar. 


Dec. 
Mar. 


Jan. 
Apr. 
Apr. 
Apr. 


Mar. 
Sept. 


May 


June 


Mar. 
Apr. 
Apr. 
May 


23, 1922 


25, 1923 
7, 1897 


10, 1925 
23, 1926 
19, 1926 
29, 1925 
31, 1915 
13, 1924 
15, 1882 
10, 1925 
17, 1928 
15, 1891 
29, 1924 
15, 1882 


7, 1926 
12, 1908 


11, 1892 


31, 1924 
13, 1926 
20, 1926 
12, 1925 


a SaniTaTION Corp. Graybar Bldg., Grand Central Termi- 
Sims Pump Vatve Co. 2 Rector St., New York, N.Y........ 
Srrcu, C.W. Sirch Filters, Suite 300-301 Lankersheim Bldg., 
Smiro, A.P.Mrae.Co. East Orange, N.J................... Hii 
Sparuine, R. W. Manufacturer of Water Measuring Equip- 
x ment, 945 North Main St., Los Angeles, Calif.......... iil 
Sree. Tank & Pipe Co. orCauiF. 1100 Fourth St., Berkeley, 
Union Water Meter Co. 33 Hermon St., Worcester, Mass... 
Unirep CasTING Company. 824 Wilson St., Los Angeles, 
Viretnta Macu. & Co., Inc. Chas. F. Cole, Pres., 1319 
Voer Brotuers Mra. Company. 1402 West Main Street, 
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Waites Dove-Hermiston Corp. 17 Battery Place, New 

Watuace & TrerNAN Co., INc. Box 178, Newark, N.J....... 
WARREN & Co. 11 Broadway, New York, 


COWATER Works ENGINEERING.” 225 West Sth St., New 


Water Works Equipment Co. 50 Church St., Rooms 1950- 
fr Suppty Co. 208 Sharon Bldg. ., San Francisco, 
WatTerous Fire Enaine Works. 80 E. Filmore Avenue, St. 
WATERPROOF Paint Co. Eugene R. Oden, Lankershim, 
vere Pipe Co. P. O. Box 355, Los Angeles, 
WEsTERN ConstTrRuCTION News, Inc. 114 Sansome St., San 
WesTeRN Pipe & Steet Co., or Cauir. 444 Market St., San 
Western WELL Works, Inc. 522 West Santa Clara St., San 
Wirt-Humpurey Steet Co. Greensburg, Pa..............-. 
Woop, R.D.,& Co 400 Chestnut St., Philadelphia, Pa...... 


Wortnincton Pump & Maca’y Corp. 115 Broadway, New 
York, N x 
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Mar. 13, 1925 
Apr. 23, 1915 


Mar. 4, 1911 
June 28, 1919 
July 10 1906 
Apr. 12, 1928 
May 20, 1925 
May 24, 1927 
Oct. 25, 1926 
Apr. 6, 1928 
Aug. 13, 1924 
Sums 17, 1926 
Apr. 16, 1884 
June 18, 1901 


A 


GEOGRAPHICAL DISTRIBUTION 


ALABAMA 
Active 14; Corporate 2; Associate 3; 
otal 19 
ACTIVE 


Birmingham: Carson, Decker, Hor- 
ner, MceWane, Polglaze, Sample, 
Sweet, Totten, Van den Berg, r. 

Montgomery: Hazlehurst, Orum 

Muscle Shoals: Mickei 

Talladega: Dougherty 

Tuscaloosa: Abbott 


CORPORATE 


Birmingham: Alabama Power Co. 
Guntersville: Guntersville Water 
Works 


ASSOCIATE 


Birmingham: American Cast Iron 
Pipe Co., McWane Cast Iron Pipe 
Co., National Cast Iron Pipe Co. 


ARIZONA 
Active 5; Corporate 1; Total 6 


ACTIVE 


Ajo: DuMoulin 
Flagstaff: Marshall 
Prescott: Shaw 

Tucson: Rider, Whitacre 


CORPORATE 


Bisbee: Peoples Arizona Gas & Elec. 
Corp. 


ARKANSAS 
Active 3; Corporate 3, Total 6 


ACTIVE 


Fort Smith: Vaughn, Ward 
Jonesboro: Christy 


CORPORATE 


Helena: Arkansas Utilities Co. 

Hot Springs: Hot Springs Water Co. 

is Bluff: Arkansas Power & Light 
0. 
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CALIFORNIA 


Honorary 1; Active 169; Corporate 19; 
Associate 30; Total 219 


HONORARY 
Los Angeles: Mulholland 


ACTIVE 


Alhambra: Downer, Goble 

Arcadia: Lee 

Bakersfield: Dillon 

Berkeley: De Costa, Foreman, Hyde, 
Langelier Moullet, Reinke, 
Rhodes, Stava 

Beverly Hills: Gerhart 

Burlingame: Henderson, Schuck 

Calexico: Perhab 

Campbell: Hyde 

Carlsbad: Fraser 

Compton: Parrish 

Corona: Case 

Encinitas: Brown 

Fresno: Barnum, Jackson, Leovitt 

Gardena: Sevier 

Glendora: Warren 

Hanford: Isaac, Johns 

Hayward: Smalley 

Huntington Park: Mohr 

La Habra: Launer 

Lindsay: Trauger 

Long Beach: Shaw 


Los Angeles: Anderson, Barnard, 
Bayley, Beeson, Bowen, Brooks, 
Cates, Chamberlain, Derby, 


Dodge, Finkle, Goudey, Hurlbut, 
Koster, Lawton, Luippold, Moore, 
Nicholson, Palmer, Rowe, Shonerd, 
Slater, Smith, Stone, Taylor, Volk, 
Wilson 

Delaney 

wood: Cummings 

Jones 

Martinez: Gaul 

Marysville: Belcher 

Merced: Casad 

Monrevia: Gierlich 

Monterey Park: Oberholtzer 

National City: Rice 

Newport Beach: Cundiff, Patterson 
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Oakland: Allen, Davis, Farrell, Gil- 
lespie, Hawley, Klaus, Mager- 
stadt, Reinhardt, Stewart, Wilhelm 

Orland: Wright 

Oroville: Davis 

Pacific Grove: Olmstead 

Pasadena: Allin, Jones, Morris 

Petaluma: Ellsworth 

Pico: Robinson 

Placentia: Lee 

Redding: Steinhauer 

Redondo Beach: Gram, Rice, Tom- 
linson 

Riverside: Chase 

Sacramento: Hoskinson, Prugh, Stev- 
enson 

St. Helena: Gertsen 

San Bernardino: Starke 

San Bruno: Jorgensen 

San Diego: Albin, Cowles, Ervast, 
Lovell, Symons, Wueste 

San Francisco: Abbott, Andrews, 
Badger, Barker, Bovard, Bragg, 
Cashmore, Chisholm, De Josez, 
DeMartini, Elliott, Ellis, Flaa, 
Hammer! Harris, Hommon, 
Hunter, Kempkey, Kennedy, Lee, 
Loveland, MacKall, Martindale, 
McCarty, McMillan, O’Shaugh- 
nessy, Perry, Porter, Pracy, Rand- 
lett, Schuyier Sharon, Suters 

San Gabriel: Kline 

San- Jose: Ford, Green, Kittredge, 
Relph 

San Rafael: Burt, Everette, Long- 
land, Peters, Prentice 

Santa Barbara: Trace, Wyant 

Santa Clara: Dixon 

Santa Cruz: Tait 

Santa Monica: Elrod 

Santa Paula: Giacomazzi 

Sonoma: Emparan 

South Pasadena: Mudge, Roen 

Stanford University: Marx 

Stockton: Brown, Griffin 

Tulare: Berryhill 

Turlock: Brown 

Tustin: 

Vernon: McCurdy 

Watsonville: Kitchen 

Whittier: McLaren 

Willets: Morris 

Willows: Snedeker 

Yreka: Thomas 


CORPORATE 


Antioch: City of Antioch 
Beverly Hills: Water Department 
Service Depart- 


Burbank: Public 
ment 
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Glendale: Public Service Depart- 
ment 
Los Angeles: Bureau of Water Works 
and Supply, Conservative Water 
Co., Los Angeles Water Service Co. 
Madera: Municipal Water Works 
Mill Valley: H. C. Symonds 
National City: Sweetwater Water Co. 
Oakland: East Bay Water Co. 
Pasadena: Water Department 
Riverside: Water Department 
San Francisco: Benicia Water Co. 
San Jose: San Jose Water Works 
San Mateo: Pacific Water Co. 
Santa Monica: Water Department 
Vallejo: Water Department 
Whittier: Water Department 


ASSOCIATE 


Berkeley: Shand & Jurs Co., Steel 
Tank & Pipe of Calif. 
Huntington Park: Pacific 
Works. 
Lankershim: Waterproof Paint Co. 
Los Angeles: American Seamless 
Tube Corp. of Calif., Bent Con- 
crete Pipe Co., Calif. Meter Co., 
James Jones Co., McEverlast, Inc., 
Rich Steel Products Co., C. W. 
Sirch, R. W. Sparling, United 
Casting Co., Western Concrete 
Pipe Co. 
Oakland: Forni Manufacturing Co. 
Pasadena: Art Concrete Works 
Pomona: The Pomona Mfg. Co. 
San Diego: Machinery Pipe & Supply 
Co., Miracle Construction Co. 
San Francisco: Cement Gun Con- 
struction Co., M. Greenberg’s 
Sons, Montague Pipe & Steel Co., 
Water Works Supply Co., Western 
Construction News, Inc., Western 
Pipe & Steel Co. of Calif. 
San Jose: Western Well Works, Inc. 
Stockton: Sterling Pump Works, Ine: 
Vallejo: Rex Tapping Machine Co. 
West Berkeley: Byron Jackson Pum 
Mfg. Co., California Corruga 
Culvert Co. 


COLORADO 


Active 28; Corporate 6; Associate 3; 
Total 37 


ACTIVE 


Pump 


Boulder: Poe 

Brighton: Petersen 

Colorado Springs: McReynolds, Tru- 
man 

Denver: Gross, Kepner, Lasley, 

Leaf, Leahy, Lowther, Mars, Jr., 


thy 
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McLaughlin 

Robinson Sumner, 

Warner, Wilson 
Gunnison: Keenan 
Hugo: Van Arsdale 
Leadville: Shar 
Montrose: Smit 
Pueblo: Porter, Stone, Wagner 
Rocky Ford: Strouse 


Mulligan, Ristine, Jr. 
Turre, Vail, 


CORPORATE 


Boulder: Water Department 
Canon City: Water Department 
Fort Collins: City of Fort Collins 
Greeley: City of Greeley 

La Junta: City of La Junta 
Loveland: City of Loveland 


ASSOCIATE 


Denver: Colorado Fuel & Iron Co., 
The R. Hardesty Manufacturing 
Co., Hendrie & Bolthoff Manufac- 
turing & Supply Co. 


CONNECTICUT 


Active 22; Corporate 3; Associate 2; 
otal 


ACTIVE 


Ansonia: Davis 

Bridgeport: Senior 

Bristol: Lourie 

Danbury: Raymond 

East Hartford: Walsh 

Greenwich: Putnam, Willson 

Hartford: Berry, Newlands, Peck, 
Saville, Scott 

New Canaan: pate 

New Haven: Gaillard, Glynne, Hill, 
Minor, Winslow 

Southington: MacKenzie 

Stamford: Ketcham 

Thompsonville: Schwabe 

Torrington: Travis 


CORPORATE 


Derby: Birmingham Water Co. 
Hartford: State Department of 
Health 
Middletown: Middletown Water 

Works 


ASSOCIATE 


South Norwalk: The R. U. V. Co. 
Waterbury: The American Brass Co. 


GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP 


DELAWARE 
Active 7; Total 7 


ACTIVE 


Dover: Beckett ; 
Wilmington: Butz, Sr., Draper, 
oa” Hoopes, Jr., Van Trump, 
ills 


DISTRICT OF COLUMBIA 
Active 13; Total 13 


ACTIVE 


Washington: Burt, Collins, Curtis, 
Dorsey, Hardy, Howell, Kay, Lau- 


ter, Macqueen, Miller, Tarbett, 
Thompson, Van Doren 
FLORIDA 


Active 55; Total 55 


ACTIVE 


Bradenton: Van Cam 

Clearwater: Schwabe 

Daytona Beach: Main, Tippins 

Fort Lauderdale: Cannon, 
Solomon 

Fort Pierce: Smith 

Gainesville: Barnes, Brown 

Hollywood: Jones, Stewart 

Homestead: Davis 

Jacksonville: Eastwood, Filby, Kolb, 
Parker, Simons, Jr., Tyler, Weaver 

Kissimmee: Buckels 

Lakeland: Brown 

Lake Worth: Wertz, Wright 

Melbourne: Bennett 

Miami: Hyman 

Mulberry: Madison 

Opa Locka: Rowe, Russell 

Orlando: Michaels, Norris, Rhynus 
Wechter 

Palatka: Cauthorn 

Palmetto: Mixson 

St. Augustine: Center, Gray 

St. Petersburg: Lane 

Sanford: Duane 

Sarasota: Brumby 

Stuart: DeMoya 

Tallahassee: Gunter 

Tampa: Hamilton, 
Jones, Lyles, McFarland, 

Titusville: Wilson 

Vero Beach: Damerow 

West Palm Beach: Chinn, Reynolds, 
Rice, Robinson 

Winter Park: Georgia 


Keis, 


Humphreys, 
quires 
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GEORGIA 


Honorary 1; Active 18; Corporate 2; 
Associate 2; Total 23 


HONORARY 
Atlanta: Clayton 
ACTIVE 


Atlanta: Grimes, Hall, Kite, Neville, 
Singleton, Smith, Titshaw, Weir, 
Wiedeman, Wilcox 

Augusta: Hunter, Smith 

Columbus: Darrow, Richards, 
Smalshaf 

Newnan: Passolt 

Thomasville: Pringle 

Valdosta: Saurbrey 


CORPORATE 
Griffin: Light, Water & Sewerage 
Department 


West Point: Lanett Cotton Mill 


ASSOCIATE 


East Point: Georgia-Louisiana Corp. 
Rome: Griffin Foundry & Manufac- 
turing Co. 


IDAHO 
Active 5; Corporate 2; Total 7 


ACTIVE 


Boise: Smith, Turner 
Idaho Falls: Wilson 
Lewiston: Hughes 
Pocatello: Rainey 


CORPORATE 


Boise: Idaho Surveying & Rating 
Bureau 
Potlatch: Potlatch Lumber Co. 


ILLINOIS 
Honorary 2; Active 153; Corporate 8; 
Associate 26; Total 189 
HONORARY 


Chicago: Keeler 
Quincy: Bull 
ACTIVE 


Alton: Miller 
Aurora: Barclay, Dean, Willett 


Bloomington: Woltman 

Blue Island: Hammond 

Cairo: Roos 

Carbondale: Dyhrkopp, Gill 

Champaign: Amsbary 

Chicago: Allen, Alvord, Bachmann, 
Barron, Bauereisen, Baylis, Berh- 
man, Bemis, Birdsall, Brensley, Bur- 
dick, Christman, Cole, Coughlan, 
Crane, DeBerard, DeLeuw, Dorsey, 
Eddy, Enander, Engel, Fager, Fink, 
French, Friend, Fulkman, Gayton, 
Gerstein, Goldsmith, Gordon, Gor- 
man, Greeley, Green, Greer, 
Groner, Hancock, Hanley, Hansen, 
Harris, Hendricks, Hickox, 
Holmes, Holway, Horne, Horst- 
mann, Jordan Kivell, Knowles, 
Kramer, McClenahan Marner, 
Marshall, Massey, Mathews, Mat- 
teson, Maxwell, Merckel, Mohl- 
man, Moore, Moseley, Munn, 
Noble, Olson, Parsons, Pearse, 
Prindle, Putnam, Ramey, Rasch, 
Rathbun, Reynolds, Richardson, 
Ruchhoft, Schmid, Jr., Shaw, 
Frank R., Shaw, Walter A, Sher- 
man, Shields, Skinner, Speer, Jr., 
Stanley, Suhr, Tanner, Tonney, 
Versulius, Vogelback, Williams, 
Wolfe 

Danville: Ely, Symons 

Decatur: Carrick, Hatfield, Green- 
field, Warren 

Des Plaines: Wells 

Dixon: Hawley 

East St. Louis: Horner 

Elmhurst: Crockett 

Evanston: Polk 

Freeport: Hutchins 

Galva: Lundberg 

Glencoe: Young 

Harvey: Rossman 

Hillview: Stoldt 

Hinsdale: Menold 
acksonville: Potter, Swanson 
ankakee: Huse 

LaGrange: Howson 

Lake Forest: Gibbs 

Marseilles: Hahn 

Mattoon: Clark, Rue 

Maywood: Warnecke 

Moline: Jahns 

Monmouth: Boruff 

Morrison: Green 

Mt. Carmel: Barnhard 

Murphysboro: Tennant 
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Newton: Holt 

Oak Park: Davidson, Meyers 

Pana: Stanfield 

Pekin: Lautz 

Peoria: Baker, 
Ringness 

Quincy: Gelston 

Rock Island: Murrin 

South Chicago: Chamberlin 

Springfield: Ferguson, Reid, Sabin, 
Spaulding 

Sterling: MacDonald 

Streator: Huggans 

Taylorville: Dappert 

Urbana: Babbitt, Boruff, Buswell, 
Enger, Fleming, Habermeyer, 
Mavis, Talbot 

Waukegan: Miller 

Wheaton: Stickney 

Zion: Craig 


Crozier, Morgan, 


CORPORATE 


Chicago: Illinois Bureau, 
Municipal Water Co. of Illinois 

Lake Forest: Water Department 

Moline: Water Department 

Peoria: Peoria Water Works Co. 

toner Water Works Commission 
pringfield: Central Illinois Public 
Service Co. 

Winnetka: Village of Winnetka 


ASSOCIATE 
ae Mississippi Lime & Material 


Aurora: The American Well Works, 
Barber-Greene Co. 
Chicago: American Steel & Wire 
Co., Automatic Cone Valve Co., 
Automatic Primer Co., Birch 
Manufacturing Co., Chicago Bridge 
& Iron Works, Chicago Chemical 
Co., J. B. Clow & Sons, Crane 
Co., Dearborn Chemical Co., En- 
ineering & Contracting, Fair- 
anks, Morse & Co., General 
Chemical Co., Mabbs Hydraulic 
Packing Co., National Aluminate 
Corp., Jos. E. Nelson & Sons, 
Portland Cement Association, Re- 
ublic Flow Meters Co., Sullivan 
achinery Co. 
Decatur: Muelier Co. 
Mattoon: H. W. Clark Co. 
Ottawa: Ottawa Silica Co. 
Quincy: Dayton-Dowd Co., Modern 
Iron Works 


GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP 


INDIANA 


Honorary 1; Active 49; Corporate 3; 
Associate 3; Total 56 


HONORARY 
Terre Haute: Gwinn 


ACTIVE 


Columbus: Harger 

Elkhart: Stephenson 

Fort Wayne: Lennon, Waldrop 

Frankfort: Marvin 

Gary: Luscombe 

Greencastie: Reeves 

Greenfield: Wolfe 

Hammond: Bowers, 
Schonert 

Indianapolis: Brossman, Calvert, Cru- 
ger, Diggs, Garman, Hurd, Jeup 
(Bernard H.), Jeup (B. J. T.), Jor- 
dan (Frank C.), Jordan (Harry 
E.), Mabee, Mauch, Moore, (J. W.), 
Moore, (Russell B.), Morse, New- 
comer, Schwier, Winkle 

Kokomo: Stradling 

La Porte: Foutz 

Marion: Van Cleave 

Mt. Vernon: Ploch 

Muncie: Stewart 

Newcastle: Younce 

Princeton: Caton, Joplin 

Richmond: Dill 

South Bend: Dish, McCaffery 

Sullivan: Kerlin 

Tell City: Weisenberger 

Terre Haute: Durbin 

Valparaiso: Agar, Bradley 

Vincennes: Watts 

Wabash: Klare 

Washington: Jones 

Whiting: Bartuska 


Partridge, 


CORPORATE 


Evansville: Water Works 

Indianapolis: Water & Sewage De- 
partment 

New Albany: Interstate Public Ser- 
vice Co. 


ASSOCIATE 


Elkhart: Moore Brothers 
Lawrenceburg: A. D. Cook, Inc. 
Wabash: Fort Meter Box Co. 
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IOWA 


Honorary 1; Active 48; Corporate 3; 
Associate 4; Total 56 


HONORARY 
Davenport: Donahue 


ACTIVE 


Ames: Buchanan, Jenks, 
Murphy 

Bettendorf: Schneider 

Boone: Nelson 

Burlington: Lawlor 

Carroll: Badley 

Cedar Rapids: Bates, Blomquist . 

Centerville: Alexander 

Clarinda: Ehrhart 

Clinton: Chase 

Council Bluffs: Hansen, 
Myrtue 

Healey, Henderson 

Des oines: Conrath, Corcoran, 
Denman, Higgins, Maffitt (Dale 
L.), Maffitt (Howard C.), Tenny, 
Thorpe, Wieters 

Fort Dodge: Bird, Pray 

Fort Madison: Kearns 

Harlan: Cox 

Iowa City: Bartow, Hinman, Jr., 
Hostetler, Keller, Waterman 

Marion: Toms 

Marshalltown: Pederson 

Mason City: Crofoot 

Muscatine: Molis 

Oskaloosa: Hawkins 

Ottumwa: Brown 

a, City: Carlin, Smith, Suther- 
an 

Waterloo: Hendry, Shoemaker 

Webster City: Currie 


Levine, 


Jensen, 


CORPORATE 


Creston: Taxpayers Municipal Water 
Works 

Dubuque City Water 
Works 

Muscatine: Water Trustees 


ASSOCIATE 
Burlington: Murray Iron Works Co. 
Council Bluffs: Giant Manufacturing 


Co. 
Muscatine: Northern Gravel Co. 
Newton: The Parsons Co. 
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KANSAS 
Active 13; Corporate 3; Total 16 


ACTIVE 


Abilene: Sutton 
Atchison: Chisham 
Chanute: Lawrence 
Emporia: Kunz 
Eureka: Huntington 
Kansas City: Barclay, Mangun 
Lawrence: Boyce 
Manhattan: Ulrich 
Salina: Paulette 
Topeka: Stewart 
Wichita: Kelley 
Winfield: Welfelt 


CORPORATE 


Emporia: Water Department 
Lawrence: Engineering Department 
Salina: Water Department 


KENTUCKY 


Active 29; Corporate 5; Associate 1; 
otal 


ACTIVE 


Ashland: Patton 

Bowling Green: Ennis 

Catlettsburg: Patton 

Covington: Kingsley 

Frankfort: Griffin 

Georgetown: Allen 

Hazard: I[hri 

Henderson: Overstreet 

Lawrenceburg: Madison 

Lexington: Bell, Cramer (Hugh R.), 
Cramer (W.S8.), Gillig, Pinnell 

Louisville: Chambers, Clemens, 
Long, Lovejoy, McGonigale, 
Parker, Peabody, Stover 

Mayfield: Orr 

Maysville: Cochran 

Mt. Sterling: Blevins 

Owensboro: Watson 

Paducah: Burnett 

Richmond: Doughertv 

Winchester: Attersall 


CORPORATE 


Ashland: Water Commission 


Hopkinsville Water 
0. 
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Louisville: State Board of Health, 
Kentucky Utilities Co., Louisville 
Water Co. 


ASSOCIATE 


Louisville: Vogt Brothers Manufac- 
turing Co. 


LOUISIANA 


Honorary 1; Active 10; Corporate 2; 
Total 13 


HONORARY 
New Orleans: Earl 


ACTIVE 
Hammond: Mentz 
Monroe: Fletcher 
New Orleans: Earl Eastwood, 
Fowler, Grant, O’Neill, Porter 
Shreveport: Amiss, Mayo 


CORPORATE 
Baton Rouge: Baton Rouge Water 
Works Co. 
— Charles: Gulf States Utilities 
0. 


MAINE 
Active 11; Corporate 1; Total 12 


ACTIVE 


Augusta: Campbell 

Bangor: Powel 

Northeast Harbor: Mullikin 

Ogunquit: Phillips 

Orono: Everett 

Portland: Coburn, Graham 
(Geo. F.), West (Vernon fF.) 

Rockland: McAlary 

Waterville: Thompson 


CORPORATE 


West 


Waterville: Trustees Kennebec 
Water District 
MARYLAND 
Active 36; Associate 1; Total 37 
ACTIVE 


Annapolis: Munroe 

Baltimore: Adams, Armstrong, Bi- 
ser, Blohm, Di Domenico, Ellis, 
Flack, Goldstein, Gregory, Ho 
kins, Keefer, Megraw, Powe a 
Requardt, Strohmeyer, Walden, 
Warren, Whitman, Wolf, Wolman 

Chevy Chase: Maury 
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Cumberland: Fowler 

Frederick: Crum 

Hagerstown: Cannen, 

eard 

Hyattsville: Devilbiss, Hall, Hech- 
mer, Morse, Shaw 

Linthicum Heights: Diggs, Jr. 

Riverdale: Owings 

Salisbury: Dryden 

Towson: Jones 


Ferguson, 


ASSOCIATE 


Baltimore: La Motte Chemical Prod- 
ucts Co. 


MASSACHUSETTS 


Honorary 2; Active 59; Associate 9; 
Total 70 
HONORARY 
Holyoke: Tighe 
Lowell: Thomas 
ACTIVE 


Boston: Barbour, Chase, Clark, Cur- 
tis, Eddy, Fales, Finneran, French, 


Goodnough Horne Houser, 
Howard, Killam, McInnes, Mars- 
ton, Sherman, Skinner, Taber, 


Wentworth (Franklin H.), Went- 

worth (John P.), Weston, Wheeler, 

Williams, Winsor 
Brockton: Kingman 
Brookline: Hale 
Cambridge: Fair, 

Hatch, Whipple 
Concord: Robinson 
Danvers: Esty 
Fairhaven: Gidley 
Fall River: Guiney 
Framingham Centre: Macksey 
Holyoke: Gear 

amaica Plain: Hough 

wrence: Hale 
Lowell: Reynolds, Safford 
Medford: Dwyer 
Melrose: Emerson 
Milton: Heffernan 
New Bedford: Chase, Drake, Taylor 
Newton Centre: Gilcreas 
Newtonville: Burnham 
Reading: Taber 
Somerset: Eagan 
Southbridge: Abbott 
Springfield: Lochridge 

aban: Symonds 
Ware: Merrill 
Wellesley Hills: Adams 


Good, Griffin, 


ii 
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West Somerville: Lacount 
Worcester: Batchelder, Hoy, Kier- 
nan 


ASSOCIATE 


Boston: Edson Manufacturing Corp., 
Hydraulic Development Co., Stone 
& Webster, Inc. 

Indian Orchard: Chapman Valve 
Manufacturing Co. 

Lynn: Cement Lined Pipe Co. 

Neponset: Coffin Valve Co. 

oa Boston: Hersey Manufacturing 


Oo. 

Wakefield: The Lead Lined Iron 
Pipe Co. 

Worcester: Union Water Meter Co. 


MICHIGAN 


Active 60; SS Associate 4; 
ota 


ACTIVE 


Alma: Hartmann 

Ann Arbor: Ayres, Decker, Hoad, 
Holland, McNamee, Williams 

Cadillac: Webb 

Clawson: Cookingham 

Coldwater: McQueen 

Detroit: Bird, Blessed, Dow, Dun- 
ham, Ellis, FF enkell, Gerardy Grob- 
bel, Hardin, Hinchman, Hubbell, 
Lenhardt, Majeske, Mayo, Morrill, 
Norton, Orton, Outzen, Rudd, 
Stephenson, Wallace, Wyckoff 

E. Lansing: Woods 

Fordson: McCarthy 

Grand Rapids: Billings, 
Sperry, Vogelback 

Highland Park: Bolton, Hoot, Whit- 
sit 

Holland: Champion 

Iron Mountain: Croll, Senseman 

Jackson: Best, England, Hatch 

Kalamazoo: Libby, Norman 

Lansing: Hackett 

Ludington: Williams 

Marquette: Johnston 

Monroe: Weaver 

Mt. Clemens: Keils 

Pontiac: Monroe 

Port Huron: Cascadden, Naumann, 
Sterosky 

Rochester: Jackson 

Saginaw: Eymer 


Hamilton, 


CORPORATE 


Ann Arbor: Water Works Commis- 
sion 
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Bay City: Water Works Department 

Flint: Board of Water Commissioners 

Grand Rapids: Department of Pub- 
lic Service 

Ironwood: Water Department 

Pontiac: Department of 
Supply 

Saginaw: Water Department 


Water 


ASSOCIATE 


Detroit: Burroughs Adding Machine 
oa Michigan Valve & Foundry 


Port Huron: Mueller Brass Co. 
Traverse City: Traverse City Iron 
Works 


MINNESOTA 


Honorary 1; Active 43; Corporate 3; 
Associate 2; Total 49 


HONORARY 
St. Paul: Caulfield 


ACTIVE 


Austin: Todd 

Chisholm: Sullivan 

Crookston: Peterson 

Duluth: Corine, Foster, Kelly, Reed, 
Wilson 

Fairmont: Basom 

Faribault: Wilson 

Fridley: Wilbur 

Gilbert: Spitznagel 

Hibbing: lorsberg 

Lake City: Howe 

Lakewood: Seligman 

Minneapolis: Bass, Beal, Finch, Jan- 
zig, Jensen, Johnson, Lundell, 
McCulloh, Mellen, Moberg, Mon- 
tank, Raab, Whittaker, Woodward, 
Young 

Rochester: Schwarz 

St. Cloud: Seibert 

St. Paul: Crowley, Druar, Feist, 
Grime, Kelsey, McDonald, May, 
Routh, Sudheimer, Thuma 

Virginia: Pruett 


CORPORATE 
Minneapolis: Committee on Water 
Works, General Inspection Bureau 
Winona: Board of Municipal Works 


ASSOCIATE 


St. Paul: Edward E. Johnson, Inc., 
Fred A. Waterous 


‘ 
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MISSISSIPPI 


Active 3; Total 3 
ACTIVE 


Fewell 
eridian: Slaughter 
Winona: Johnson 


MISSOURI 


Active 54; Corporate 1; Associate 1; 
Total 56 


ACTIVE 


Hannibal: Wolfe 

Independence: Gallagher 

Jefferson City: Helmreich, Johnson, 
Peters 

Kansas City: Archer, Bacharach, 
Baldwin, Black, Foreman, Gilki- 
son, Haskins, Kiersted, Jr., 
Learned, McDonnell, Mullergren, 
Paulette, Pratt, Reynolds, Strang, 
Veatch, Jr., Whitmire 

St. Joseph: Bodkin 

St. Louis: Allgeyer, Black, Chivvis, 
Cutts, Day, Ebeler, 
Flad, Fleming, Fuller, Graf, Henby, 
Jutz, Meyer, Monfort, Nelson, 
Nolte, Pritchard, Serkes, Skinker, 
Smith, Steinbruegge, Wall, Wesley, 
Wilcox 

Savannah: Lauber 

Sedalia: Andrews 

Springfield: Gray, Pate 
niversity City: Weir 

West Plains: Britain 


CORPORATE 


Kansas City: Director of the Water 
Department 


ASSOCIATE 


St. Louis: American Foundry & 
Manufacturing Co. 


MONTANA 
Active 25; Corporate 2; Total 27 


ACTIVE 
Billings: Willett 
Butte: Carroll, 

Thomas 

Chinook: Brandis 
Choteau: Hall 
Columbus: McClure 
Deer Lodge: Coleman 
Dillon: Holtz 
Glendive: Hurdle 


Plummer, Probst, 
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Havre: Sandquist 

Helena: Foote, Nimmo 
Kalispell: Lawrence, MacDonald 
Lewistown: Schmit 
Livingston: Cortese 
Missoula: Christensen, Thane 
Ronan: Odiet 

Roundup: Quinnell 

Superior: Horning 

Troy: Hubbard 

Whitefish: Bayha 


CORPORATE 
Anaconda: Water Works Department 
Great Falls: Water Department 
NEBRASKA 


Active 9; Corporate 2; Associate Se 
otal 13 


ACTIVE 
Lincoln: Erickson, Letton 


Omaha: Armstrong, Barr, Bruce, 
Knouse, Leisen 
Plattsmouth: Minor 
Wilber: Diller 
CORPORATE 
Lincoln: Water and Lighting De- 


partment 
Omaha: Metropolitan Utilities Dis- 
trict 
ASSOCIATE 
Grand Island: Kelly Well Co. 
Omaha: Interstate Machinery & 
Supply Co. 


NEVADA 
Active 2; Corporate 1; Total 3 
ACTIVE 
East Ely: Smith 
Reno: Campbell 
CORPORATE 


Reno: The Truckee River Power Co. 


NEW HAMPSHIRE 
Active 3; Corporate 1; Total 4 


ACTIVE 


Concord: Howard, Storrs 
Hanover: Marsden 


CORPORATE 
Nashua: Pennichuck Water Works 
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NEW JERSEY 


Active 122; Sa a 11; Associate 
9; Total 142 


ACTIVE 


Ampere: Holway, Longley 

Arlington: Donnell 

Asbury Park: Bartley White 

Atlantic City: Van Gilder, Wigley 

Bernardsville: Williamson 

Bogota: Cowles 

Boonton: Breitzke, Mallalieu 

Bound Brook: Brush, Downes, Smith 

Burlington: Buzby, Capron, Conard, 
Russell 

Camden: Long, Smith, Vosbury 

Cedar Grove: Goslau 

Charlotteburg: Reilly 

Clifton: Mahoney 

Collingswood: Borden 

East Orange: Halpin, McLaughlin, 
Roper, Snyder 

Elizabeth: Booth, Buck, Faitoute, 
Mitchell, Newkirk, Radcliffe 

Englewood : French 

Franklin: Jenkins 

Glen Rock: Towle 

Hackensack: Noack 

Haledon: Kapp, Jr. 

Harrison: Matte 

Haskell: Holdredge 

Hoboken: Anderson 

Jersey City: Corbin, Jewell, Louison, 
McEvoy, Mauzy, Tator, Van Keu- 


ren 

Little Falls: Green 

Lodi: McClellan 

Long Branch: Herr 

Merchantville: Rudderow 

Millville: Buell 

Montclair: Folwell, Knox 

Moorestown: Bishop 

Morristown: Hoffman 

New Brunswick: Atkinson, Lendall, 
Morris 

New Milford: Cowles, Spalding 

Newark: Baldwin, Bank, Ely, 
Foulks, Judson, Mueller, Orchard, 
Pratt (Arthur H.), Pratt (Gilbert 
H.), Rosentreter, Scherer, Scholz, 
Sherman, Sherrerd, Woolley 

Nutley: Cutler 

Orange: Dodge, Luthy, Ruggles 

Palisades: Miller 

Passaic: Hopper, Knight 

Paterson: Cook, Cuddeback, Ed- 
wards, Harder, Ryle 

Perth Amboy: Mason 
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Plainfield: Gavett 

Pleasantville: Trumbore 

Princeton: Eldridge 

Rahway’ Gibbons 

Red Bank: Cadman, Keckler 

Ridgewood: Bauman, Carr 

Riverside: Port 

Riverton: Buck 

Short Hills: Kohout 

South Orange: Smith 

Summit: Bassett 

Trenton: Brooks, Bugbee, Croft, 
Hartwell 

Upper Montclair: Wilson 

Weehawken: Alfke, Davies, Fricker, 
Lebold, Schlicht, Talbot 

West Englewood: Wieghardt 

West Orange: Fritz, Glannan, Wilson 

Wildwood: Banks 

Woodbridge: Mundy 


CORPORATE 


Dover: Water Commissioners 

East Orange: Board of Water Com- 
missioners 

Glen Ridge: Water Department 

— Heights: New Jersey Water 


Millville: Millville Water Co. 
Montclair: Bureau of Water Supply 
Mount Holly: The Mount Holly 
Water Co. 
Newark: North Jersey District 
Water Supply Commission 
Totowa: Borough of Totowa 
Trenton: New Jersey Department 
Conservation and Development, 
Trenton Water Works 


ASSOCIATE 


Ampere: Lock Joint Pipe Co. 

Bayonne: The Babcock & Wilcox Co. 

Clayton: Hungerford & Terry, Inc. 

East Orange: The Federal Meter 
Corp., The A. P. Smith Manufac- 
turing Co. 

Newark: Gamon Meter Co., Wallace 


& Tiernan Co., Ine. 
Pleasantville: Van Gilder Water 
Meter Co. 
Tween! DeLaval Steam Turbine 
0. 
NEW MEXICO 
Active 2; Corporate 3; Total 5 


ACTIVE 


Cimarron: Alpers 
Santa Fe: Fox 
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CORPORATE 


Deming: Water Department 
East Las Vegas: Agua Pura Co. 
Santa Fe: New Mexico Power Co. 


NEW YORK 


Honorary 3; Active 295; Cor gate 30; 


Associate 59; Total 
HONORARY 


New York: Herschel, Smith 
Troy: Mason 


ACTIVE 


Albany: Bates, Cook, Cox, Holm- 
uist, Horton, oe Slack, Suter 


achter, Wheeler, Willecomb 
Amsterdam: Dwyer 

Astoria: Culyer 

Avon: Clark 

Bay Shore: Clark, Fenn, Jr. 
Binghampton: Gitchell, Hotchkiss 
Briarcliff Manor: Manahan 


Brooklyn: Aeryns, Armstrong, Blei- 
Flannery, Gaffney, 
Hale, Larmon, Woolnoug, Verte- 


stein,, Dowd, 


feuille 


Buffalo: Ames, Andrews, Bartram, 
Bassett (Charles K.), Bassett 
(Geo. B.), Boyle, Chambers, Diehl, 
Fitzgerald, Grotz, Huy, Reisweber, 
Roberts, Showell, Jr., Spire, 


Wagner 
Canajoharie: Bullock 
Canandaigua: Ellis 
Corning: Drake 
Cortland: Eginton, Peck 
East Rochester: Babcock 
Elmira: Jones 
Elsmere: Bedell, Tiedeman 
Fairport: Scarth 


Far Rockaway: Bettes, Durland, 


Stearns 
Flushing: Cook, Laase 
Gloversville: Orr 
Great Bend: McWilliams 
Greenlawn: Sleeper 
Haverstraw: Chapman 
Hawthorne: King 
Hempstead: Marshall, Stevens 
Herkimer: Wood 
Highbridge: Nelson 
Highland: Schantz 
Hudson Falls: Fasoli 
Ilion: Trimble 


Bishop, Carpenter, Chamot, 


ry 


Heights: Craig, Jr., Diven, 


r. 

Katonah: Coffin 

Kingston: Honness, Loughran 

Larchmont: Foote, Hoffmaster 

Le Roy: Palmer 

Little Falls: Feeter 

Long Island City: Ankener, Clark, 
Weaver 

Lynbrook: Clark 

Lyons: Zimmerlin 
alone: Van Deusen 

Mamaroneck: Duffy, Nordmann 

Manhasset: Hoag 

Merrick: Spear 

Middletown: Korschen, LaPolt 

Mineola: Bowne 

Mount Kiso: Sawin 

Mount Vernon: Havill, Wolbert 

Newark: Wright 

Newburgh: Gilcrist 

New Rochelle: Applebaum, Cranch, 
MacNamee, Reynolds, Jr. 

New York: Baker, Baldwin, Ballou, 
Barns, Beck, Berry, Besselievre, 
Biggs, Jr., Blanchard, Blossom, 
Bogert, Booth, Bowe, Brush, Bull 
(Charles H.), Bull (Irving C.), 
Case, Chase, Chenery, Cleveland, 
Cleverdon, Clowes, ole, Coulter, 
Cunningham, Darby, Dennett, 
Dodd, Donaldson, Dunham, EI- 
liott, Enslow, Everett, Ewry, Fer- 
uson, Freer, Fuertes, Fuller, Gee- 
a Gordon, Gould, Hansen, Hard- 
ing, Jr., Hazen, Hendrick, Hibbard, 
Hill, Jr., Hoag, Hoagland, Hodg- 
man, Hogan, Holbrook, Holdred e, 
Howland, Hutson, Jackson, Jacobs, 
Jacobsen, Johnson (Geo. A.), John- 
son (R. K.), Jones (Allen A.), 
Jones (H. Seaver), Kemble, Kenzle, 
Kienle, Klein, Kriegsheim, Led- 
den, Luce, McClintock, 
Malcomson, Manahan, Marsh, 
Mendelsohn, Merriman, Meyer- 
herm, Milholland, Newsom, Nies- 
ley, Norcom, Nuebling, O'Leary, 
Parker, Patitz, Pease, Phelps, 
Phillips, Pincus, Pirnie, Potter, 
Potts, Provost, Jr., Reinhard, 
Ridley, Sanborn, Scott, Siems, 
Spear, Stearns Stewart, Tainter, 
Tribus, Tuttle, Van Gorder, 
Vermeule, Watt, Wells, Wiggin, 
Williamson, Wilson, Wood 

Niagara Falls: Dignan, McCulloh, 
Perry, Robbins, Suitor 
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North Tarrytown: Helling 

North Tonawanda: Batt 

Norwich: Ames, Riley 

Oneida: White 

Oneonta: Lyon, Lyon (Mrs.) 

Ossining: Bedell 

Oswego: McCaffrey 

Peekskill: Lockwood 

Perry: Snyder 

Port Chester: Cooney 

Prattsville: Fifield 

Rensselaer: Claflin 

Rochester: Baker, Bliven (Geo. H.), 
Bliven (M. Harvey), Fisher, Goler, 
Hevenor, Hopkins, Kittredge, 
Lewis, Little, Lynch, Matthews, 
Miller, Prince, Russell, Skinner, 
Worthington 

Scarsdale: Henshaw, Wyckoff 

Schenectady: Devendorf, Erickson, 
Taylor 

Southampton: Van Brunt 

South Nyack: Kendall 

Staten Island: Barnes 

Syracuse: Booth, Daw, Keating, 
Palmer, Starbird, Stewart, Wil- 
liams, Jr. 

Tarrytown: Losee 

Troy: Caird, Caldwell, Clifton, End, 
Knickerbacker 

Utica: Allen, Dewey, Hodges, Hop- 
kins, (Edwin W.) Hopkins, (Frank- 
lyn C.) Miles, Robertson 

Valley Stream: Morlan 

Voorheesville: Horton 

Wappingers Falls: Beasley 

Waterford: Yaxley 

Watertown: Ackerman, Field 

Wellsville: Rowe 

White Plains: Mapes 

Woodhaven: Bliven 

Yonkers: Buhrendorf, Curran 


CORPORATE 


Auburn: Water Department 
ars Sumpwams Water Works 
0 


Buffalo: Bureau of Water, Western 
New York Water Co. 

Corning: Water Works 

Elmhurst: Citizens Water Supply 


Co. 
Elmira: Water Board 
Endicott: Endicott Water Works Co. 
Glens Falls: Board of Water Com- 
missioners 
Ilion: Board of Water Commissioners 
Johnson City: Water Department 
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Kenwood: Sherril-Kenwood Water 
Commission 

Lockport: Board of Water Com- 
missioners 

Lowville: Adirondack Water Works 

Maspeth: Urban Water Supply Co. 

New Rochelle: The New Rochelle 
Water Co. 

New York: American Water Works & 
Electric Co., Inc., Community 
Water Service Co., Federal Light 
& Traction Co., G. V. Grace & Co., 
Roanoke Water Works Co. 

Oswego: Department of Water 

Owego: Owego Water Works 

Point Pleasant: Sea Breeze & Vicin- 
ity Water Commission 

Poughkeepsie: Board of Public 
Works 

Rome: Department of Public Works 

Syracuse: Bureau of Water 

Troy: Bureau of Water 

Watertown: Water Works 

White Plains: Department of Public 
Works 


ASSOCIATE 


Baldwinsville: Morris Machine Works 

Binghamton: The Fairbanks Co. 

Brooklyn: American Machine «& 
Foundry Co., Belmont Smelting & 
Refining Wks., Joseph C. Pollard 
Co., Ine. 

Buffalo: Buffalo Meter Co., W. P. 
Taylor Co., William H. Thompson 
& Co., Inc. 

Cohoes: Cohoes Rolling Mill Co. 

Elmira: The Kennedy Valve Manu- 
facturing Co. 

Newburgh: Coldwell-Wilcox Co. 

New York: Ambursen Construction 
Co., Ine., American City, Arnold, 
Hoffman & Co., Inc., Asphalto- 
Concrete Corp., The ntral 
Foundry Co., r,s & Brass Re- 
search Assoc., The Dorr Company, 
Inc., East Jersey Pipe Co., Electro 
Bleaching Gas Co., Electrozone 
Corp., Engineering News-Record, 
John Fox & Co., T. A. Gillespie 
Co., Hooker Electrochemical Co., 
Ingersoll, Rand Co., Interna- 
tional Filter Co., _Kalbfleisch 
Corp., Herbert Kennedy Co., Inc., 
The Linde Air Products Co., Inc., 
The Mathieson Alkali Works, Inc., 
National Meter Co., National 


Water Main Cleaning Co., Neptune 
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Meter Co., Parsons, Klapp, Brick- 
erhoff & Douglas, The. Permutit 
Co., The Pitometer Co., Public 
Works, 8S. E. T. Valve & Hydrant 
Co., The Sanitation Corp., Sims 
Pump Valve Co., Thomson-Adri- 
ance, Inc., Thomson Meter Co., 
United Lead Co., Victaulic Com- 
A of America, Wailes, Dove- 

ermiston Corp., Warren Foundry 
& Pipe Co., Water Works Engineer- 
ing, Water Works Equipment Co., 
Worthington Pump & Machinery 


Corp. 
Peekskill: The Fleischmann Co. 
Schenectady: General Electric Co. 
Princes Bay: Phoenix Meter Co. 
Rome: Rome Brass & Copper Co. 
Troy: W. & L. E. Gurley, Ludlow 
Valve Manufacturing Co., Rens- 
selaer Valve Co., Ross Valve Manu- 
facturing Co., Inc. 
Waterford: Eddy Valve Co. 


NORTH CAROLINA 


Active 75; Corporate 1; Associate 1; 
Total 77 


ACTIVE 


Albemarle: Moore 

Apex: Hobgood 

Asheville: Burchard, Wilson, Wright 

Badin: Lilly 

Bessemer City: White 

Cary: Heater 

Chapel Hill: Baity, Ray, Jr., Saville 

Charlotte: Bishop, Booker, Davis, 
Drane, Greenlee Heyward, 
McConnell, Marshall, Mees, Myers, 
Vest 

Concord: Fisher 

Durham: Davis, Michie, 
Suggs, White, Williams, 

Farmville: McAdams 

Fayetteville: Shell 

Fremont: Benton 

Franklinton: Cooke 

Gastonia: Rhyne, Struthers 

Greensboro: Boyles, Lewis, Smed- 
berg, True 

Greenville: Swartz 

Henderson: Bridgers 

Hendersonville: Lampley 

High Point: Dishner 

Kings Mountain: Parsons 

Lexington: Bullard 

Lumberton: McNeil 


Piatt, 
Worth 


GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP 


Mebane: Michael 
Mooresville: Fields 
Morehead City: McCrea 
Mount Airy: Absher 
Mount Holly: Patterson 
New Bern: Godfroy 
Pinehurst: Pender 
Raleigh: Bain, Kellogg, McLeod, 
Miller, Olsen, Trice, Whitener 
Robersonville: Coburn 
Rocky Mount: Lyon 
Rutherfordton: Anderson 
Salisbury: Craig 
Southern Pines: Jarrett 
Statesville: Cochran 
Wake Forest: McKaughan 
Waynesville: Logan 
Wilmington: Lassiter, Maffitt 
Wilson: Gladding 
Winston-Salem: Ludlow 
Zebulon: Finch, Pippin 


CORPORATE 
Badin: Tallassee Power Co. 


ASSOCIATE 
Charlotte: The Grinnell Co., Inc. 


NORTH DAKOTA 
Active 3; Corporate 1; Total 4 


ACTIVE 
Bismarck: Yegen 
Fargo: Tarbel 
Minot: Thomas 


CORPORATE 
Bismarck: Regulatory Department 


OHIO 
Active 92; Corporate 9; Associate 15; 
Total 116 


ACTIVE 

Akron: Barstow, Hibbs, Paul, String- 
fellow 

Barberton: Campion 

Bucyrus: Lower 

California: Bahlman 

Canton: McClaskey, Ohliger 

Cincinnati: Evans, Hill, 
Streeter, Theriault 

Cleveland: Antweiler, Ellms, Far- 
rell, Gascoigne, Habeshain, Ha- 
vens, Jones, Lawrence, Levy, 
Linders, Marshall, Perkins, ca le, 
Schmitt, Sheal, Siedle, Tolles, 
Watzl, Wright 


Miller, 


. 
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Columbus: Bradbury, Burgess, 
Youlk, Groeniger, Hoover (Charles 
P.); Hoover (Clarence B.), Kim- 


berly, Knox, Lathrope, Laux, 
Lawrence McAlpine, Martin, 
Pierce, Prior, Sickel, Walker, 
Waring 


Dayton: Arnold, Doten, Moorehouse, 
Prinz, Tatlock, Wight, Yackley 

Dennison: Romig 

Euclid: McCandless 

Kent: Gettrust 

Lima: Brower, Evans 

Lorain: Brown, Humason 

Marion: Browne 

Medina: Fretter 

Oberlin: Elder 

Piqua: Montgomery 

Shelby: Bricker 

Steubenville: Scott 

Struthers: Evans 

Tiffin: Wetter 

Toledo: Brown, Champe, Clark, Fur- 
man, Jones, Keller, Roberts, 
Schoonmaker 

Warren: Inman, O’Connor 

Washington C. H.: O’Neall 

Xenia: Zell 

Youngstown: Cornell, Dittoe, Dixon, 
Kinder, Reeder, Russell, Van Arnum 


CORPORATE 
Ashtabula: The Ashtabula 
Supply Co. 
Columbus: Ohio Inspection Bureau 
Marion: Marion Water Co. 
Massillon Water Supply 


0. 
Middleport: The Meigs Water Co. 
Mount Gilead: Mount Gilead Water, 
Light, Heat & Power Co. 
Mahoning Valley Water 


Water 


Toronto: Board of Public Affairs 
Wilmington: The Dayton Power & 
Light Co. 
ASSOCIATE 


Akron: The Biggs Boiler Works Co. 

Cincinnati: Bourbon Copper & Brass 
Works Co. 

Cleveland: The Bowler Foundry Co., 
The Farnan Brass Works Co., 
Glauber Brass Manufacturing Co., 
The Fred W. Hanks Co., The Ohio 
Varnish Co., The Parker Ap- 
_ Co., The Republic Brass 


Bastiat Price Bros. Co. 


“ill 


Findlay: Buckeye Traction Ditcher 


Co. 
Massillon: The a. Drilling Co., 
Peerless Pum 
Middletown: 
Mill Co. 
Toledo: McCloskey Torch Co. 


OKLAHOMA 
Active 11; Total 11 

ACTIVE 
Bartlesville: Perkins 
Chickasha: McBurnett 
Oklahoma City: Bretz, Rupp 
Ponca City: Crow 
Stillwater: Smith 
Tulsa: Cecil, Dones, Ginter, 

Shaner 


The American Rolling 


Karl, 


OREGON 


Active 17; Corporate 1; Associate, 2; 
Total 20 


ACTIVE 


Eugene: McClain 
Hillsboro: Gates, Wiley 
Jefferson: Mars 
Klamath Falls: Kendall 
Marshfield: Corey 
Portland: Benedict, Ehle, Helwick, 

Johnson, Koon, Morrow, Murray, 

Thompson, Wagner, Willard 
Salem: Beebe 


CORPORATE 
Portland: Department of Public 
Utilities 

ASSOCIATE 


Portland: Beall Pipe & Tank Corp., 
Oswego Pipe Co. 


PENNSYLVANIA 


Active 166; Corporate 18; Associate 
28; Total 212 


ACTIVE 


Allentown: Schnabel 
Altoona: Campbell 

Ambler: Hibschman 
Aspinwall: Drake 

Beaver Falls: Burnie 
Bethlehem: Shipman 
Bristol: Roberts, Jr. 
Brookville Sayer 

Bryn Mawr: Davis, McCurdy 
Carlisle: Waggoner 
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Catasauqua: Muser 

Chambersburg: Mowrey 

Chester: Calhoun, Lamey 

Chinchilla: Salisbury 

Clearfield: Hess, Nevling 

Columbia: Meyers 

Cooperstown: Crawford 

Corry: Brown 

Downingtown: Wagner 

Easton: Rader 

Erie: Dunwoody, Engh, Gensheimer 

Ford City: Wintgens 

Glenside: Friel 

Greensburg: Smith, Spencer 

Harrisburg: Avery, Craig, Daniels, 
Flentje,. Gannett, Glace, Mark, 
Moses, Scheffer, Siebert, Stevenson, 
Weed (Ellsworth Weed (Fred- 
erick H.) 

Hazleton: McGeehin 

Indiana: Lyle 

Jersey Shore: Kinter 

Johnstown: Crichton, Hagins, Kun- 
kle, Watkins 

Lancaster: Axe, Goodell, Ruth, Will 

Langhorne: Stompler 

Lansdowne: Jenkins 

Lansford: Roads, Jr. 

Lehighton: West 

McKeesport: Trax 

McK: s Rocks: Beech 

Meac ille: Ellsworth, Siebert 

Monv.gahela: Nutt 

Natrona: Coffey, Knight 

New Kensington: Griffiths 

Norristown: Russell 

North East: Leet 

Philadelphia: Bartlett, Bean, Becker, 
Blaisdell, Blew, Boardman, Corin, 
Easby, Jr., Emerson, Jr., Fishtein, 
Freeburn, Greer, Gushee, Harder, 
Haydock, Jenne, Landreth, Law- 
rence, Ledoux, McCaleb, MeCrud- 


den, Miller, Nichols, Riebel, 
Saunders, Schaut, Siddons, 
Simpson, * Stein, Stone, Suttle, 


Swaab, Thomas, Tolson, Van Loan, 
Welsford, Wertz, Yoder 
Philipsburg: Pharaoh 
Pittsburgh: Bankson, Baton, Ches- 
ter, Douglass, Foote, Harshbarger, 
Hopkins, Hudson, Hutton, Knowles 
Laboon, Lanpher, Leopold, Mans- 
field, Mellon, Rice (Cyrus Wm.), 
Rice (John M.), Rockwell, Scharff, 
Simpson, Speller, Weidlein 
Pottsville: Beisel, Clayton 
Punxsutawney: Startzell 


GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP 


Reading: Felix, Mast, Nuebling, 
O’Reilly, Reber, Strockbine 

Sayre: West, Wright 

Scranton: Cox, Kneen, Nebelung, 
Taylor 

Shamokin: Haupt, McWilliams 

Shenandoah: Rassier 

Shrewsbury: Giesey 

South Williamsport: Barrick 

Springdale: Pierce 

State College: Sackett, Walker 

Steelton: Litch 

Stroudsburg: Holbrook 

Sunbury: Rohrbach 

Swarthmore: Fuller 

Tyrone: Crawford 

Upper Darby: Streander 

Wayne: Pugh 

Wilkes-Barre: Matter, Walker, Win- 
termute 

Wilkinsburg: Fox, Hawley 

Williamsport: Keliher, Wilhelm 

York: Kable 


CORPORATE 


Allentown: Water Department 

Bethlehem: City of Bethlehem 

Easton: Northampton Consolidated 
Water Co. 

Ellwood City: Ellwood Water Co. 

Emporium: Emporium Water Co. 

Erie: Commissioners of Water Works 

Lewistown: Lewistown-Reedsville 
Water Co. 

Milton: Pennsylvania State Water 
a White Deer Mountain Water 


Reading: Bureau of Water 
Scranton: Scranton Gas & Water Co. 
Sharon: Shenango Valley Water Co. 
Shenandoah: Commissioners of Wa- 
ter Works 
Uniontown: Trotter Water Co. 
Verona: The Suburban Water Co. 
Washington: Citizens Water Co. 
West Newton: West Newton Water 


0. 
Williamsport Water 
0. 


ASSOCIATE 


Beaver Falls: Keystone Driller Co. 
Berwick: Multiplex Manufacturing 


Co. 

Bryn Mawr: Philadelphia Suburban 
Water Co. 

Emaus: Donaldson Iron Co. 
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Erie: Hays Co. 
Witt-Humphrey Steel 


Philadelphia: Water 
Softener Co., M. L. Bayard, E. I. 
duPont de Nemours & 0., Kings- 
bury Machine Works, Inc., The 
Leadite Co., Inc., I. P. Morris 
Corp., The Pennsylvania Salt 
Manufacturing Co., Roberts Filter 
Manufacturing Co., Scofield En- 
gineering Co., Simplex Valve & 
Meter Co., Talbot Non-Corrosive 
Linings Co., United States Cast 
Iron Pipe & Foundry Co., R. D. 
Wood & Co. 

Pittsburgh: A. M. Byers Co., Dravo- 
Doyle Co., National Tube Co., 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh Equitable Meter Co., 
Pittsburgh Testing Laboratory, 
Riter Conley Co. 

Sharon: Penstock Construction Co. 

Williamsport: The Darling Valve & 
Manufacturing Co. 


American 


RHODE ISLAND 


Active 5; Corporate 1; Associate 1; 
Total 7 


ACTIVE 


Bristol: Jones 
Providence: Bean, 


Bugbee, Gage, 
Richardson 


CORPORATE 


Providence: Water Maintenance De- 
partment 


ASSOCIATE 
Providence: Builders Iron Foundry 


SOUTH CAROLINA 
Active 10; Corporate 1; Total 11 


ACTIVE 


Camden: Chapman 
Charleston: Gibson, Parker 
Columbia: White 

Easley: Rogers 

Greenville: Blackwelder, Perry 
Newberry: Schumpert 
Spartanburg: Simms, White 


CORPORATE 


Charleston: Commissioners of Pub- 
lic Works 
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SOUTH DAKOTA 
Active 3; Corporate 1; Total 4 


ACTIVE 
Huron: Hays 

Sioux Falls: Connor 
Vermillion: Hunter 


CORPORATE 
Sioux Falls: Water Works 


TENNESSEE 


Active 19; Corporate 2; Associate 3; 
Total 24 


ACTIVE 

Chattanooga: Lofton, 

Swearingen 
Cookeville: Collier 
Covington: Charter 
Dyersburg: Blakeman 
Fountain City: Murphy 
Greeneville: McAmis 
Kingsport: Webster 
Knoxville: Switzer 
Memphis: Allen, Dean, 

Sullivan 
Nashville: Clark, Fullerton, Harrub, 

Holman, Reyer 


Porzelius, 


Mantel, 


CORPORATE 


Knoxville: Water Department ; 
Memphis: Board of Water Commis- 
sioners 


ASSOCIATE 


Chattanooga: Columbian Iron Works 
Knoxville: W. J. Savage Co. 
Memphis: Layne & Bowler Co. 


TEXAS 
Active 29; Corporate 3; Total 32 


ACTIVE 


Austin: Avery, Bantel, Eggert, 
Ehlers, Green, Norris, Zilker 

Beaumont: Bernhagen 

Bonham: Whedbee 

Dallas: Morey, Jr., O'Neil, Rosen- 
thal, Wendler 

Fort Worth: Hawley, Mahlie, Quigley 

Freeport: Bushnell 

Houston: Iglehart, McVea, Randolph 

McAllen: Boyle 

Mineral Wells: Smart 
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San Antonio: Bartlett, Newcomb 
Waco: Bardwell, Gooch 
Weatherford: Cherry 

Wichita Falls: Curd, Ward 


CORPORATE 


Dallas: Dallas City Waterworks 
Fort Worth: Texas-Louisiana Power 


Co. 
Waco: Waco Water Works 


UTAH 

Active 5; Corporate 1; Associate 1; 
Total 7 
ACTIVE 


Brigham City: Roskelley 
Provo City: Newell 


Salt Lake City: Lyman, Male, 
Painter 
CORPORATE 
Salt Lake City: Water Department 
ASSOCIATE 


— Pacific States Cast Iron Pipe 
0. 


VERMONT 
Active 1; Total 1 


ACTIVE 
Burlington: Moat 


VIRGINIA 


Active 19; Corporate 2; Associate 4; 
Total 25 


ACTIVE 


Alexandria: Lambert 

Covington: Barnett 

Danville: Brantly 

Denbigh: Bowers 

Falls Church: Anderson 

Fredericksburg: Houston, Jr. 

Hampton: Engle 

Lynchburg: Wagner 

Newport News: Dugger 

Norfolk: Bliven 

Petersburg: Bunting 

Portsmouth: Davis 

Richmond: Baldwin, Bardwell, Clai- 
borne, Messer, Smith, Snidow 

Roanoke: Moore 


CORPORATE 


Alexandria: Alexandria Water Co. 
Norton: Water Department 


GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP 


ASSOCIATE 


Lynchburg: The Glamorgan Pipe & 
Foundry Co., Lynchburg Foundry 


Co. 

Richmond: Sydnor Pump & Well Co. 
Inc., Virginia Machinery & Wel 
Co., Ine. 


WASHINGTON 


Active 29; Corporate 4; Associate 1; 
Total 34 


ACTIVE 


Aberdeen: Stock 

Anacortes: Short 

Bremerton: Casad 

Chelan: Harper 

Everett: Klapp 

Hoquiam: Austin, Dietrich, Heer- 
mans 

Kelso: Hanley 

Longview: Labsap 

Mount Vernon: Wilson 

Puyallup: Phillips 

Seattle: Botten, Dorisy, Grant, Ja- 
cobs, Markhus, Miller, Osborne, 
Purcell, Shibley 

Spokane: Harding 

Tacoma: Blair, Kunigk, Roberts, 
Shaneman, Stannard 

Vancouver: Clarke 

Walla Walla: McLean 


CORPORATE 


Kelso: Water Department 
Seattle: Water Department 
Spokane: Water Division 
Wenatchee: Water Department 


ASSOCIATE 
Seattle: Newman C. Jannsen 


WEST VIRGINIA 


Active 16; Corporate 3; Associate 1; 
Total 20 


ACTIVE 


Bluefield: Rhoads 

Charleston: Musser, Tisdale 
Chester: Young 

Clarksburg: Boynton, Highland 
Huntington: Johnson, Watt 
Morgantown: Carpenter 
Moundsville: Hetzer 

Mullens: Kirb 

Shinnston: Riffee 

Weston: Blair, Jr. 

Wheeling: Rickard, Shull, Stern 


— 


CORPORATE 


Charleston: West Virginia Water 
Service Co. 

Dunbar: Dunbar Water Co. 

Morgantown: The Morgantown Wa- 
ter Co. 


ASSOCIATE 
Charleston: Raymond Equipment 
0. 


WISCONSIN 


Active 38; Corporate 4; Associate 2; 
Total 44 


ACTIVE 


Antigo: Jackson 

Appleton: Hall, Morris 

Cedarburg: Schneider 

Eau Claire: Brown 

Fort Atkinson: Leonard 

Janesville: Griffey 

Kenosha: Hurtgen 

Madison: Baker, Domogalla, Gal- 
laher, Kirchoffer, Mead, Mueg- 
ge, Smith, Thiessen, Warrick 

Manitowoc: Schroeder 

Marshfield: Marvin 

Menasha: Kuester 

Milwaukee: Bohmann, Cunliffe, Dan- 
iel, Gruetzmacher, Schwada, Wright 

Monroe: Schneider 

Racine: Peirce 

Sheboygan: Donohue 

Sparta: Erickson 

Stoughton: Snyder 

Superior: Corine, Lounsbury, Wins- 


low 
Waukeshaw: Hayford 
Waupun: Barnett 
Wauwatosa: Hebbring 
Wisconsin Rapids: Gross 


CORPORATE 


Delavan: Water Commission 

Fond du Lac: City Water Depart- 
ment 

Green Bay: Water Department 

Sheboygan: Board of Water Com- 
missioners 


ASSOCIATE 


Milwaukee: Allis-Chalmers Manu- 
facturing Co., Badger Meter Manu- 
facturing Co. 
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WYOMING 
Active 5; Total 5 


ACTIVE 
Casper: Fair 
Gillette: Thomas 
Rock Springs: Bell 
Sheridan: Gwillim, MacCarty 


CANADA 


Active 124; Corporate 18; Associate 7; 
Total 149 


ACTIVE 


Brandon: Shaw 

Brantford: Wilson 

Brockville: Farquharson 

Calgary: Breen 

Carleton Place: Rogers 

Charlottetown: McMillan 

Cobourg: Skidmore 

Cornwall: Lount 

Dundas: Wright 

Edmonton: Corbett, Owens, Turner 

Elmira: Bowman 

Galt: Cowan 

Hamilton: Buchanan, 
McFaul, McRae 

Hull: Lanctot 

Ingersol: Hall 

Islington: MacNicol 

Kitchener: Pequegnat 

Lindsay: Hammond 

London: Brickenden, Buchanan, Ell- 
wood, Hodkinson 

Longueuil: Laforest 

MacDonald College: Stephen 


Darling, 


Montreal: Baudouin, Dorrance, 
Field, Gerin, Hunter, Hutchison, 
Jette, Lafreniere, Lea, LeSage, 


Leslie, McCrady, Meadows, Monta- 
bone, Perry, Pitcher, Plamondon, 
Scofield, Ward 

New Toronto: Thomas 

Niagara Falls: Acres, Ferris, Warder 

North Bay: Mackie 

Orillia: Starr 

Oshawa: Smith 

Ottawa: Ferguson, Macallum, Mac- 
Donald, McRae 

Owen Sound: Pratt 

Pembroke: Howe 

Perth: Smith 

Peterborough: Dobbin, Hunt 

Quebec: Casgrain, Lessard, Trem- 


ay 
Regina: Farrell 
St. Catharines: Milne 
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St. James: Pilgrim 

St. Lambert: Le Royer 

Sault Ste. Marie: Belyea 

St. Stephen: Laflin 

St. Thomas: Miller 

Sarnia: Hall 

Shawinigan Falls: Vermette 

Simcoe: Kirkwood 

Southend: Pringle 

Stratford: Myers 

Strathroy: Smithrim 

Temiskaming: Grimmer 

Toronto: Allen, Angus, Austin, 
Berry, Bradshaw, Chipman, Coles, 
Dallyn, Delaporte, Gaby, Gore, 
Hannan, Harris, Harrison, Heath, 
Howard, Jack, Proctor, Redfern, 
Routledge, Salmond, Sanderson, 
Storrie, Thompson, Van Benscho- 
ten, Walker, Wilkinson Wynne- 
Roberts 

Vancouver: Brakenridge, Cleveland, 
Dowling, Greig 

Walkerville: Brown 

Wallaceburg: Caughey 

Waterloo: Schiedel 

Welland: Scott 

Weston: Peirson 

Windsor: Hanna, Keith, Kellner 

Winnipeg: Hooper, Scott 

Woodstock: Archibald 


CORPORATE 


Brampton: Water Commission 
Brantford: Water Commissioners 


GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP 


Chatham: Board of Water Com- 
missioners 

Gananoque: Water Works Commis- 
sion 

Grimsby: Water Commission 

Guelph: Water Department 

Kitchener: Water Commission 

Leamington: Corporation of Town of 
Leamington 

London: Public Utilities Commission 

Merritton: Water Works Department 

Midland: Public Utilities Commis- 
sion 

Peterborough: Waterworks Depart- 
ment 

Regina: Waterworks Department 

St. Marys: Board of Water, Light 
& Heat Commission 

St. Thomas: Water Commission 

Welland: Board of Water Com- 
mission 

Whitby: The Public Utility Com- 
mission 

Windsor: The Water Commissioners 


ASSOCIATE 


Montreal: Francis Hankin & Co. 
Ltd., Jenkins Bros., Ltd. 

Toronto: The Canadian Engineer, 
Drummond, McCall & Co., Ltd., 
Hugh C. MacLean Publications, 
Ltd., National Iron Corp., Ltd. 

— The Canadian Salt Co., 
Ltd. 


FOREIGN (Except Canada) 
Honorary, 1; Active, 92; Corporate, 8; Total 101. 


HONORARY 
ENGLAND 
London: Houston 


ACTIVE 


ARGENTINE REPUBLIC 


Buenos Aires: Bado, Berrino, Lasso, 
Negri, Paitovi, Robertson, Soler 

Mendoza: Ivanissevich 

Parana: Laurencena 

Rosario de Santa Fe: Buchanan, 
Gache, Moir 

San Nicholas: Hudson 


AUSTRALIA 


Brisbane: Chamberlain, Peart 

Melbourne: Hughes, Hume, Ritchie, 
Sutherland 

Midland Junction: Limb 

Mt. Charlton, Queensland: Symonds 

Newcastle: Ewing 

Perth: Haywood 

Sydney: Blain 
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BRAZIL 
Campos: Vieira 
Rio de Janeiro: De Brito 

CANAL ZONE 

Ancon: Bunker, Hatch 
Cristobal: Dunn 
Gatun: Beers, Jr. 

CHILE 
Santiago: Lira, Stalbird 


CHINA 


Amoy: Mar 
Shanghai: Gaunt, Michau, Pearson 
Tientsin: Clark, Lilly 


COLOMBIA 


Bogota: Tanco 
Bucaramanga: Castro 
Cartagena: De la Vega 


COSTA RICA 
Heredia: Saenz 


CUBA 


Havana: Cosculluela, Martinez, Mon- 
toulieu 


CZECHOSLOVAKIA 
Prague: Purkyne 


DENMARK 
Copenhagen: Jarvis 


ENGLAND 


Birmingham: Dixon 

Bradford: Mitchell 

Buxton: Race 

Coventry: Morgan 

Dewsbury: Holdsworth 

London: Cameron, Howland, Pater- 
son 

Manchester: Hill 

Newport: Spencer 

Northwich: Jones 


FRANCE 
Nancy: Paul 
Paris: Dienert, Pain 
GERMANY 


Berlin: Ornstein 
Breslau: Meinecke 
Dresden: Vollmar 


GREECE 
Athens: Gausmann 


HAWAII 
Honolulu: Anderson, Tay 


HOLLAND 
Utrecht: Massink, Meerburg 


HUNGARY 
Budapest: Vojesik 


INDIA 


Bombay: Bunting 
Calcutta: Walker 
Gwalior: Prokofieff 


ITALY 


Brescia: Franchi 
Firenze: De Horatiis 


JAPAN 


Osaka: Takeuchi 
Tokyo: Inoue, Iwasaki, Nishioeda 


MEXICO 
Torreon: Robles 


PHILIPPINES 
Manila: Gideon 


POLAND 
Warsaw: Geupel 


RUSSIA 
Leningrad: Timonoff 


SANTO DOMINGO 
Santo Domingo: Adams, McIntosh 


SCOTLAND 
Ayr: Ball 
SOUTH AFRICA 
Durban: Metcalfe 


SPAIN 
Cartagena: Bustelo 


STRAITS SETTLEMENTS 
Singapore: Tomlinson 


SWEDEN 
Stockholm: von Greyerz 


URUGUAY 
Montevideo: Altoberro, Maggiolo 
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ARGENTINE REPUBLIC 

Buenos Aires: Obras Sanitarias de 
la Nacion 

Parana: Obras Sanitarias of Entre 
Rios 

AUSTRALIA 

Sydney: Metropolitan Water, Sewer- 

age and Drainage Board 


CUBA 


Havana: Negociado de Acueductosy 
Alcantarillado 


GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP 


CORPORATE 


HAWAII 


Honolulu: Dept. of Public Works 
Oahu: Wahiawa Water Co., Ltd. 


HOLLAND 


Utrecht: Utrechtsche Waterleiding- 
Maatschappij 


SWEDEN 
Malmo: Malmo Byggnadskontor 
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SUMMARY BY STATES 

Active Corporate Associate Honorary Total 
5 1 6 
28 6 3 37 
22 3 2 27 
Tere eee 18 2 2 1 23 
49 3 3 1 56 
13 3 16 
29 5 1 35 
36 1 37 
Massachusetts.............. 59 9 2 70 
43 3 2 1 49 
- 3 3 
54 1 1 56 
25 2 27 
9 2 2 13 
New Hampshire........... 3 1 4 
New Mexico................ 2 3 5 
North Carolina...........0> 75 1 1 77 
North Dakota. . 3 1 4 
Oklahouss 11 11 
ut 17 1 2 20 
a 166 18 28 212 
South Carolina............. 10 1 ll 
South Dakota 3 1 4 
19 2 3 24 
29 3 32 
19 2 4 25 
Washington............... 29 4 1 34 
West Virginia............. 16 3 1 20 
38 4 2 44 
Foreign (except Canada).... 92 8 1 101 
October 1, 1028... ......000. 2124 202 227 14 2567 
October 2115 204 226 14 2559 
Gain or loss inyear......... 9 2 1 8 
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